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ERRATUM 


In articles 7231, 7385 and 7404, Microsporon apiospormum 
should read Monosporum apiospermum. 
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Utilization of Free and Acetylated |- and dl-Tryptophane by 
Oidium Lactis. 


LYLE C. BAUGUESS anp CLARENCE P. BERG. (Introduced by H. A. Mattill.» 


From the Biochemical Laboratory, State University of Iowa, Iowa City. 


It has long been known that Ozdium lactis is able to utilize the 
nitrogen of several natural amino acids for growth when such acids. 
serve as the sole source of nitrogen. Under such circumstances, 
l-tryptophane is converted into /-indolelactic acid.’ In conjunction: 
with a series of studies on tryptophane metabolism recorded else- 
where, in which Oidium lactis was used to synthesize indolelactic 
acid,” it seemed of interest to compare the availability of /- and 
dl-tryptophane and acetyl-/- and acetyl-dl-tryptophane as sources of 
nitrogen for the growth of this mold. 

Accordingly, 8 liters of a synthetic medium containing 80.0 gm. 
invert sugar, 8.00 gm. K,HPO,, 0.800 gm. MgSOs,, and traces of 
NaCl and FeCl, were prepared and divided equally among eight 
2800 cc. culture flasks. To each of one pair of the flasks were 


*P represents a preliminary, C a complete manuscript. 
1 Ehrlich, F., and Jacobsen, K. A., Ber., 1911, 44, 888. 
2 Bauguess, L. C., and Berg, C. P., J. Biol. Chem., 1934, 104, 675. 
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added 2.000 gm. of /-tryptophane; to each of a second pair, 2.000 
gm. of dl-tryptophane; to each of a third pair, 2.412 gm. of acetyl-I- 
tryptophane; and to each of the fourth pair, 2.412 gm. of acetyl-dl- 
tryptophane. The flasks were fitted with cotton plugs and sterilized. 
A 10 cc. aliquot was withdrawn from each for initial N analysis (by 
micro-Kjeldahl). To each flask were then added equal volumes of 
a suspension of Oidium lactis (American Type Culture Collection, 
No. 4798). The culture media were incubated at 20°C. for 4 weeks, 
at the end of which time they were sterilized. N determinations 
were again made on aliquots of each of the mycelium-free filtrates. 
The indolelactic acid was isolated from the /- and dl-tryptophane 
media according to the method of Ehrlich and Jacobsen’ and the 
tryptophane was obtained from the residues by isolation through 
the mercuric sulfate salt, as in its preparation from protein.* No 
significant changes in N content having been observed in the acetyl- 
tryptophane media, no attempts were made to isolate indolelactic 
acid. 

Results of the /- and dl-tryptophane studies appear in Table I. The 


TABLE I. 
N Content of 
Tryptophane in Tryptophane Indolelactic Acid Mycelium-free 
Culture Media Isolated Isolated Media 

gm. gm. [a ]20°, 0.5 % gm. Lao", 1.31% iniaal Final 

in water in water mg.. mg. 
2.0 (1) 0.390 —32.8 0.84 —5.2 275.6 153.8 
2.0 (0) 0.384 —33.0 0.80 —5.2 275.6 152.9 
2.0 (dl) 0.320 +21.8 1.01 —5.2 276.0 158.4 
2.0 (dl) 0.323 +22.0 0.95 —5.2 276.0 158.0 


final N contents of the mycelium-free /- and dl-tryptophane media 
did not differ appreciably. The tryptophane isolated from the dl- 
tryptophane flasks was strongly dextro-rotatory, indicating that the 
[tryptophane was utilized preferentially. The specific rotation of 
the tryptophane in the /-tryptophane flasks had not changed. The 
methods of isolating the tryptophane and the indolelactic acid are 
not to be regarded as quantitative. The amounts isolated, in each 
case, account for approximately 70% of the residual N. d-Trypto- 
phane apparently does not inhibit the utilization of N by the mold. 
In each instance, as in previous studies,’ the indolelactic acid iso- 
lated possessed the same optical properties, whether isolated from 
the J- or from the d/-tryptophane flasks. There is some doubt as to 
whether enough of the d-tryptophane was utilized to warrant con- 

3 Hopkins, F. G., and Cole, S. W., J. Physiol., 1901, 27, 418; Cok, G. J., and 
King, H., Organic Syntheses, 1930, 10, 100. 
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cluding definitely that this isomer is converted into J/-indolelactic 
acid, as the data suggest. A test of d-tryptophane alone is contem- 
plated to clear up this point. 

Only traces of mycelium were obtained in the acetyl-l- and 
acetyl-di-tryptophane culture flasks. N analyses of the mycelium- 
free cultures showed that their total N content (275.0 mg.) had 
not decreased during the period of incubation. Apparently, Oidiwm 
lactis is unable to hydrolyze either acetyl-d- or acetyl-l-tryptophane. 
This is in striking contrast to the utilization of acetyl-l-tryptophane 
by the rat.* 
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Effect of Thyroparathyroidectomy and Thyroxin on Rate of 
Atrophy of Skeletal Muscle. 


H. M. HINES anv G. C. KNOWLTON. 
From the Department of Physiology, State Uniwwersity of Iowa. 


Previous investigations have indicated that the thyroid secretion 
exerts an influence on skeletal muscle. Simpson* suggested that the 
lack of development of skeletal muscle in cretin sheep might be due 
to inactivity rather than a specific action of thyroid secretion on 
muscle growth. Gudernatsch’ showed that the feeding of thyroid 
material caused an accelerated rate of atrophy of the tadpole’s tail 
during metamorphosis. This effect has usually been attributed to 
the mechanical influences of increased growth changes rather than a 
specific effect of thyroid substance on autolysis.* 

This report is concerned with the influence of thyroparathyroidec- 
tomy and thyroxin administration on the rate of atrophy of the 
denervated gastrocnemius muscle of the rat. We have previously 
reported* some effects of denervation on rat’s skeletal muscle and 
described the technique employed. The weight of the denervated 
muscle has been compared to that of the opposite control muscle in 
a series of adult animals 7, 14, 21 and 28 days after section of the 

4 Berg, OC. P., Rose, W. C., and Marvel, C. S., J. Biol. Chem., 1929, 85, 207; du 
Vigneaud, V., Sealock, R. R., and Van Etten, C., J. Biol. Chem., 1932, 98, 565; 
Berg, C. P., J. Biol. Chem., 1934, 104, 373. 

1 Simpson, E. D., Am. J. Physiol., 1927, 80, 735. 

2 Gudernatsch, J., Am. J. Anat., 1914, 15, 431. 


3 Bradley, H. C., Physiol. Rev., 1922, 2, 415. 
4 Hines, H. M., and Knowlton, G. C., Am. J. Physiol., 1933, 104, 379. 
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sciatic nerve. A series of 26 animals were subjected to thyropara- 
thyroidectomy a few weeks prior to the time of nerve section. A 
group of 36 animals were given subcutaneous injections of dl- 
thyroxin. The amounts given totaled approximately 1 mg. per rat 
per week, and the injections were made at intervals of 3 to 4 days. 
The initial dose was given 3 to 4 days prior to denervation of the 
muscle. The effectiveness of the thyroxin administration was deter- 
mined by frequent measurements of the oxygen consumption of the 
animals. The amount of thyroxin given was adequate to cause an 
elevation of the metabolic rate but less than that required to cause 
an appreciable loss of body weight. In order to measure the rate 
of atrophy it is essential that the control muscle should neither gain 
nor loose weight subsequent to the time of denervation of the 
opposite muscle. A group of animals from the same stock served 
as controls for the above experiments. 

The average values for the loss of weight by the denervated muscle 
in the 3 groups of animals are given in Table I. Studies made on 


TABLE I. 
Summary of % of Weight Lost by the Denervated Muscle. 
Days after Control Thyroparathyroidectomized Animals receiving 
Denervation Animals Animals Thyroxin 
7 22.3 21.5 33.1 
14 48.3 43.1 58.7 
21 61.9 53.8 71.8 
28 72.3 66.8 76.6 


the water content of the muscles indicate that no significant dif- 
ference existed between the water content of muscles from animals 
in the various groups. These results indicate that denervated muscle 
in animals subjected to thyroparathyroidectomy loses weight at a 
slower rate than does denervated muscle in control animals selected 
from the same stock and kept on the same diet. The experiments 
demonstrate that thyroxin administration accelerates the rate of 
atrophy of denervated muscle. It is believed that thyroxin exerts 
this effect by acting as an accelerator to the katabolic processes in- 
volved in the disintegration of the cytoplasm of the denervated 
muscle. These results also indicate that thyroxin is active in skeletal 
muscle deprived of a nerve supply and offer additional evidence of a 
direct influence of this hormone on muscle cells. 
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Methylene Blue in Illuminating Gas Poisoning. 


LILLIAN MACK anp E. A. SMITH.* 
From the Physiology Laboratory, Iowa State College. 


Current reports’ regarding the action of methylene blue in illu- 
minating gas poisoning are sufficiently contradictory to warrant 
further experimental investigation of its value. Determination of 
prophylactic action is one method of approach. 

In the experiments reported below the protective action of meth- 
ylene blue in asphyxiation by illuminating gas was measured by 
determining the comparative lethal interval in 3 series of methylene 
blue injected as compared to non-injected white rats. In all cases 
reported, litter mates of similar weight and sex were compared; the 
injections were made intraperitoneally, about 1% hour previous to 
asphyxiation. When 50 mg. M. B. per kg. of body weight were 
injected it could be seen within 15 minutes in the capillaries of non- 
hairy regions of the body and in the conjunctiva. Usually 5 mg. 
(1 cc. aq. soln.) per kg. were used but varying amounts, between 5 
and 50 mg. were tried, no advantages being observed with the larger 
amounts. Control animals received a similar amount of Ringer’s 
solution. 

In series 1, injected and non-injected normal litter mates were 
compared. In series 2, normal rats were compared to litter mates in 
which the basal metabolic rate had been increased by feeding % gr. 
U.S.P. desiccated thyroid daily for 15 consecutive days preceding 
asphyxiation. In series 3, normal rats were compared to litter 
mates in which the B.M.R. had been increased by injection of 1 cc. 
of 0.1% alpha dinitrophenol [(1-2-4) (CsH;(NO.)OH)] intraper- 
itoneally 1% hr. previous to asphyxiation or by giving the same 
amount by stomach tube on 3 successive days previous to asphyxia- 
tion. 

The gas used was introduced directly from the city main into a 
closed circuit respiration apparatus equipped with a blower, soda 
lime container, and glass animal chamber. A 1.89% gas-air mix- 
ture (0.36% CO) was used. Cessation of respiratory movements 
served as the criterion of death in all cases. 

* Aided by a grant from the Committee on Scientific Research of the American 


Medical Association. 
1 Bussabarger, Robert A., Proc. Soc. Exp. Bion. anD Mep., 1934, 31, 598. 
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RESULTS. 
Series 1. Normal Animals. (Age about 60 days.) 
No. of animals Mean lethal interval, min. 
M.B. M. B. Standard deviation 
Control injected* Control injected Mean diff. of mean diff. 
9 10 23.2 26.5 3.3 2.5 


Series 2. Increased Basal Metabolic Rate—Thyroid Fed. 
Control Thyroidfed Control Thyroid fed 
1 


9 30.5 15.5 15 5.4 
Thyroid fed Thyroid fed 
Thyroid andinjected Thyroid and injected 
fed with M. B. fed with M. B. ; 
9 iat 15.5 9.7 5.8 3.6 


Series 3. Increased Basal Metabolic Rate—Dinitrophenol Injected. 
(Age about 200 days.) 


Control M. B. inj. Control M. B. inj. 
11 8 42.1 39.2 2.9 6.2 
M.B. and D.N. T. M. B. and D.N. T. 
Control injected Control injected 
11 15 42.1 26.5 15.6 5.8 
DaNe iL, D. N. Ts 
Control injectedt Control injected 
11 17 42.1 23.9 18.2 5.8 
DIN DUNS tf ands. DN T. DYN. ih.and 
inj. M. B. inj. inj. M. B. inj. 
17 15 23.9 26.5 2.6 4,1 


* Methylene Blue injected. 

+ Dinitrophenol ae 

Summary and Conclusions, The data reported include the figures 
obtained in study of 100 animals. Many more were sacrificed in 
trial procedures. The results show no significant action by meth- 
ylene blue as a prophylactic agent in illuminating gas poisoning. 
The very greatly decreased lethal interval in animals receiving desic- 
cated thyroid or dinitrophenol is worthy of note. 
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Measurement of Daily Heat Production of Albino Rat from the 
Insensible Water Loss. 


JAMES A. GREENE. 


From the Department of Internal Medicine, State University of Iowa Medical 
School. 


A method.is needed for measuring the daily energy requirements 
of the albino rat. The 24-hour insensible loss of weight and the 
percentage of the total heat loss that was due to vaporization of 
water have been measured to ascertain whether or not the meas- 
urement of the imperceptible water loss would fulfill this need. 
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Johnston and Newburgh’ have applied the method in man. Each 
rat was placed in a wire cage suspended above a porcelain pan 
in which the excreta was collected under mineral oil. The 
weighings were made every 24 to 48 hours on a balance accurate 
to 200 mg. The weights of the food, water and excreta were ob- 
tained from the difference in weight of the container and contents 
at the beginning and end of the period. The vaporization of water, 
from the mouth of the water container, averaged 1 gm. per day as 
measured by a control. The diet of casein 20%, corn starch 48%, 
lard 16%, cod liver oil 3%, salt mixture (Osborne and Mendell) 
5%, dried yeast 8% contained 3.7% moisture but did not lose water 
at room temperature. The rats’ 24-hour excreta under oil main- 
tained a constant weight for a week. The temperature of the lab- 
oratory varied from 23 to 27°C. Changes in barometric pressure 
and humidity had no significant influence. 

Three grown male rats were studied. The daily food consump- 
tion yielded 43.5, 34.6 and 29.7 calories for periods of 42, 29 and 
24 days with changes in body weight of only 1.6, 0.5 and 1.0 gm. 
respectively. In calculating the caloric value of the diet the values 
4,4 and 9 were used for carbohydrate, protein and fat. 

The vaporization of water is the only factor in the insensible loss 
of weight that removes heat from the body and was calculated by 
the formula of Isenschmid’: Ins. L. Wt. = H,O + (CO,-O,). The 
carbon dioxide excreted and oxygen absorbed were calculated from 
the metabolic mixture by the constants for protein, carbohydrate 
and fat given by Newburgh, Johnston and Falcon-Lesses.* The 
metabolic mixture was the same as the food ingested, since the 
animals were in nitrogen balance, and the weight remained nearly 
constant. The vaporization of one gram of water from the sur- 
face of a mammal requires 0.58 calorie. The heat lost by evapo- 
ration of water was compared with the caloric value of the meta- 
bolic mixture. 

The calculations were by the following formula: 


(Wt. rat beginning period + water+ food) —(Wt. rat end period+ ex- 
creta = Ins. L. Wt. HoO = Ins. L. Wt. — (COz—Oz2). HeO X 0,58 = calories 


lost by vaporization of water. 


The averages of the results for each animal are shown in Table I. 


1 Johnston, Margaret W., and Newburgh, L. H., J. Clin. Invest., 1930, 8, 147. 

2 Isenschmid, Med. Klin., 1918, 14, 1128. 

8 Newburgh, L. H., Johnston, M. W., and Falcon-Lesses, M., J. Clin. Invest., 
1930, 8, 161. 
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The daily variations in the insensible loss of weight of each rat 
were probably due to activity which was not measured, but when 
periods of 4 to 10 days are compared the variations are small 
(Table IL). An average of 21.3% of the total heat loss was due 


TABLE I. 
Average daily—————__ Daily calorie Average % 
Calories lost value of meta- total heat lost 
Rat Ins. L. Wt. Ins. water by Ins. water bolic mixture by Ins. water 
a 18.8 16.3 9.4 43.5 21.6 
2 13.9 12.4 7.2 34.6 20.8 
3 12.3 11.0 6.4 29.7 21.5 
Ave. 21.3 
TABLE II. 
Ave. daily heat Calories from 
No. days Ave. production from metabolic 
Rat in period Ins. L. Wt. Ins. water mixt. daily % variation 
1 iG 18.3 42.8 43.5 —1.6 
6 19.8 46.8 43.5 +7. 
9 18.8 44.2 43.5 +1.6 
4 17.8 41.8 43.5 —3.9 
2 i) 13.9 33.8 34.6 —2.3 
7 14.5 35.3 34.6 +2.0 
7 13.7 33.4 34.6 —3.5 
7 13.9 33.9 34.6 —2.3 
s 14.1 34.1 34.6 —1.4 
7 13.5 32.9 34.6 —4.9 
4 13.1 32.0 34.6 —7.5 
3 7 12.0 29.1 29.7 —2.0 
7 14.0 34.1 29.7 +14.8 
tf 12.5 30.0 29.7 +1.0 
10 12.3 30.0 29.7 +1.0 


to imperceptible water. This compares favorably with figures ob- 
tained for the rat in the basal state by Greene and Luce.* When the 
average heat lost by the evaporation of water for periods of 4 to 10 
days is considered to be 21.3% of the total as calculated from the 
metabolic mixture, the variations are no greater than those found 
in measuring the basal metabolism (Table IT). 

Summary. I. A method for measurement of the 24 hourly in- 
sensible loss of weight of the albino rat has been described. IJ. The 
results have shown that the daily heat production of the albino 
rat can be accurately determined from the weight of the insensible 
water loss. III. The heat lost by vaporization of water averaged 
21.3% of the total calculated heat production in an environmental 
temperature of 23 to 27°C. 


4 Greene, Jas. A., and Luce, R. P., J. Nutrition, 1931, 4, 371. 
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Absence of Response of Anemia of Myxedema to Liver Extract. 


C. W. BALDRIDGE anp JAMES A. GREENE, 


From the Department of Internal Medicine, State University of Iowa Medical 
School. 


The clinical manifestations of myxedema are enough like those 
of pernicious anemia to account for the fact that myxedema is more 
often mistaken for pernicious anemia than for any other disease. 
Myxedema may present a yellowish pallor, absence of weight loss, 
achlorhydria, anemia, color index about unity, parasthesias, difficulty 
in walking (not true postero-lateral sclerosis), increased serum 
bilirubin (indirect van den Bergh), leukopenia, urobilinogen in the 
urine, and remissions. Five cases have been reported in which 
myxedema and pernicious anemia co-existed in the same patient.” ” 

The possibility that there may be a decrease or absence of Castle’s 
factor in the gastric secretion of patients with myxedema led us to 
determine the response to liver extract therapy of patients with 
myxedema. Five patients not reported here were similarly studied 
during 1930 and 1931 by Doctors F. N. Cole and A. S. Fourt in 
this hospital. No response was obtained in any case but the exact 
figures are not available. 

The initial hemoglobin and erythrocyte levels were not low 
enough in some of the cases to permit of much increase in reticulo- 
cytes. In one case in which the initial hemoglobin value was 54% 
and the color index was unity, there was a reticulocyte response up 
to 5.2%, but this response lasted until the 24th day and did not cor- 
respond to the usual reticulocyte crisis. After 41 days of treatment 
the hemoglobin had not increased and the erythrocytes had in- 
creased but 500,000 per cu. mm. The patient received thyroid ex- 
tract during the last days of this period. In the other patients there 
was neither a reticulocyte increase nor an increase in hemoglobin 
or erythrocytes. 


1 Sturgis, C. C., and Isaacs, Raphael, Proc. Cent. Soc. Clin. Res., J. Clin. In- 
vest., 1930, 8, 663. 
2 Means, J. H., Lerman, J., and Castle, W. B., New Eng. J. Med., 1931, 204. 
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TABLE II. 
Shows the van den Bergh reaction, free hydrochloric acid in the gastric juice, 
and the lack of response to liver extract. 


Before liver Daily Days After liver 
Case —————————- vanden liver receiving Free —__——__—_ 
Hgb. RBC Ret.% Bergh dosage liver HCl Hgb. RBC Ret. % 
Le Sowemace 1.6) °2-0\Ind, 6'vials' . 10 normal 2.8 
2 54 2.7 0.8 neg. a 41 lowafterH 55 3.2 5.2 
3) RGSarss7) «00 me 10 0 54 3.0 0.2 
4 75 40 0.2 a2 a 10 0 83 0.8 
So 65s eso 86012 ae, 10 normal 64 3.5 0.6 
6 72 38 04 %U2Ind. 402. 20 66 3.5 0.0 
Leonora O17? 3cce.8.C.. 14 0 74 3.4 2.8 
every other day 
83 3.4 0.6 4 oz. 34 S205 13.7 1) 08 
8.) 30) 44) 20.0 total7 doses 10 normal 0.6 
3 ec. 8.C. 
OL SB eeaT 51,4 I.M 100 gm. equiva- low 80 34 3.0 
lent of 
100 gm. 
intramus- 
cular for 
11 days 
10 55 3.5 neg. 6 vials 13 55.2.9 
1A) 20 eet: 26 ?? 12 cap Extra. 10 0 30 3.4 12 


* Case 11. Anemia partly due to recent hemorrhage. 
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Effect of Fluorine on Blood and Respiration. 


D. A. GREENWOOD, E. A. HEWITT anp V. E, NELSON. 


From the Laboratories of Physiological Chemistry and Veterinary Physiology, 
Iowa State College. 


The interest of the authors in fluorine dates from the discovery 
by Ostrem, Nelson, Greenwood, and Wilhelm’ of fluorine in the 
drinking waters of communities in the State of Iowa, with the result- 
ing production of mottled enamel of the teeth. Smith, Lantz and 
Smith’ have produced considerable evidence that excessive fluorine 
in water will cause mottled enamel in man. The question arises as 
to whether fluorine produces other harmful effects in the body. 

The following work relates to the effect of fluorine on respiration, 
blood pressure, hemoglobin, blood calcium, blood phosphorus, and 
coagulation of blood. Sollmann*® refers to the work of Tappeiner 

1Ostrem, C. T., Nelson, V. E., Greenwood, D. A., and Wilhelm, H. A., Seience, 
1932, 76, 575. 

2Smith, M. C., Lantz, E. M., and Smith, H. V., Arig. Agr. Exp. Sta. Bull., 


1931, 32, 253. 
3 Sollmann, T., A manual of pharmacology, 1932, 898. 
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and states that in mammals NaF causes salivation, gastro-enteritis, 
dyspnea, muscular weakness and tremors, epileptic convulsions, fall 
of blood pressure, and stoppage of respiration and heart. Schulz* 
observed similar results. Gerschmann’ reports that injection of 
NaF reduces blood calcium. Stuber and Lang® observed hemo- 
philic patients with high amounts of F in the blood, and they ac- 
cept the idea that high F content of blood accompanies a long clot- 
ting period. Schwyzer* observed a high degree of coagulability of 
the blood of rabbits, dogs, and pigeons which received F. Hauck, 
Steenbock, Lowe, and Halpin® reported analyses of the calcium 
and phosphorus of the blood of chickens receiving fluorides, but 
they admit that their data are insufficient to draw any definite con- 
clusions. Phillips® states, “Very little work is reported dealing with 
the influence of fluorine on blood composition.” 

Seven dogs, 5 females and 2 males, were employed in studies on 
respiration and blood pressure. They weighed from 6 to 26.8 kg. 
The remainder of the experiments were performed on puppies—13 
in number, 5 males and 8 females. Nembutal in distilled water was 
used as the anesthetic. It was administered intraperitoneally at the 
rate of 30 mg. per kilo body weight. NaF was injected into the 
femoral vein. Blood pressure records were taken from the central 
(heart) end of a ligated carotid artery with a mercury manometer 
writing on a long paper kymograph. Eight per cent citrate solution 
was used to prevent clots in the cannulae and tubes. Respiratory 
tracings were made with a Becker air tambour connected to a 
pneumograph tied around the chest. Newcomer’s method was 
used for hemoglobin determinations. The Brodie-Russell-Boggs 
coagulometer was used in studying the time of coagulation of 
blood. Calcium was determined in blood plasma by the Clark and 
Collip modification of the Kramer Tisdall method and acid soluble 
inorganic phosphorus of Youngberg’s method. 

Table I summarizes the results obtained on respiration and blood 
pressure; the data show that injection of 1.5 to 5.3 mg. of F as 
NaF per kilo of body weight produces a detectable effect on respi- 
ration. The average respirations increased from 15 per minute to 
22 per minute, by injecting from 1.5 to 5.3 mg. of F as NaF per 


4 Schulz, H., Arch. Exp. Path. v. Pharm., 1889, 25, 326. 

5 Gerschmann, R., Ann. farm bioquim., 1930, 1, 77. 

6 Stuber, B., and Lang, K., Biochem. Z., 1929, 212, 96. 

7Schwyzer, F., Biochem. Z., 1914, 60, 32. 

8 Hauck, H. M., Steenbock, H., Lowe, J. T., and Halpin, J. G., Poultry Sct., 
1933, 12, 242. 

9 Phillips, P., Thesis, Univ. of Wis., 1933. 
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TABLE I. 
Effect of Intravenous Injection of Fluorine as Sodium Fluoride on Respiration 
and Blood Pressure. 
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r=¥) Lin) i= © = 2,0 HS ws 

8 x: ee Ss Be ga Bm gs 
2c os acs men of isl & 
as ees 52 at Se anes ao. B58 

ro S54 Air © yy PAS Bry go AS as 
a Ho Geese 5” moe | eee) ta aS 
wo Bo 38S 25 on eB $ og 
o ok week 8s 2 wo wes o 2 w p's +4 
A a aoe aa cal aAtese Mme AES 
1 = 145 50 Bye 120 92.6 
2 12 5.3 16 150 20.4 114 47.5 
3 t 200 23.8 164 32.5 
4 12 5 20 180 22.7 120 30.4 
7 22 2.0 32 175. 16.0 160 31.9 
Averages 15.3 2.9 22.6 170 22.9 135.6 47.0 


* Artificial respiration was used during the first part of the experiment. 
+ Artificial respiration was used throughout experiment. 


kilo of body weight. Furthermore, the data reveal that injection 
of 16 to 31.7 mg. of F as NaF per kilo of body weight causes a 
perceptible lowering of blood pressure. The average blood pressure 
was lowered from 170 mm. Hg. pressure to 135.6 mm. Hg. pres- 
sure, by increasing the concentration of F as NaF from 0 mg. per 
kilo body weight to a level of 16 to 31.7 mg. of F as NaF per kilo 
body weight. The above amounts of NaF were initial doses. At inter- 
vals following the initial dose larger amounts of NaF were in- 
jected into the femoral vein. Following increased doses, respira- 
tion increased to as high as 150 per minute, and blood pressure 
fell to as low as 40 mm. Hg. In all cases there was respiratory 
paralysis before stoppage of the heart. Two dogs received orally 
per kilo of body weight 20 times the amount of F as NaF ordinarily 
consumed daily by human beings in an area where mottled enamel is 
endemic, without noticeable effect on respiration and blood pressure. 
The dogs received orally 4.5 mg. F as NaF per kilo of body weight, 
which was followed in a few minutes by 9 mg. of F as NaF and then 
up to higher doses at intervals of a few minutes. When the oral 
dosage of F reached 22.6 mg. per kilo of body weight, a detectable 
effect on respiration and blood pressure resulted. At the higher 
levels vomiting and salivation occurred’ which prevented accurate 
determinations. Autopsy of these dogs showed gastroenteritis and 
congestion of the kidneys. Dr. A. E. Merkel of Ankeny has made 
blood pressure studies on 65 school children who received fluorine 
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water and exhibited mottled enamel, and he has observed that there 
is no significant variation in blood pressure from the normal. 

Determinations of hemoglobin, coagulation time of blood, blood 
calcium, and blood phosphorus were made every 2 weeks for 18 
weeks on puppies (5 to 9 months old) receiving the following 
amounts of F in mg. per kilo body weight: 0.0, 0.45, 0.90, 2.26, and 
4.52. The average values of hemoglobin, expressed in gm. per 
100 cc. of blood, were: 11.86, 12.37, 12.26, 11.96, and 12.18 re- 
spectively; and the coagulation times of blood in seconds were: 
84.0, 72.5, 85.3, 95.4, and 91.4 respectively. The average values 
for calcium, expressed as mg. calcium per 100 cc. of blood plasma, 
were: 12.17, 12.05, 12.0, 12.15, and 12.07; and the results, ob- 
tained on acid soluble inorganic phosphorus, expressed as mg. P 
per 100 cc. blood plasma, were: 5.58, 5.48, 5.29, 5.24, and 5.13 
respectively. The fluorine was given orally as NaF. 


Southern Section. 


Tulane University, May 11, 1934. 
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The Fecundity of Parasitic Female Strongyloides.* 


ERNEST CARROLL FAUST, JOSEPH W. WELLS, CORINE ADAMS anp 
TED D. BEACH. 


From the Parasitology Laboratory, Department of Tropical Medicine, Tulane 
University, New Orleans, La. 


In human and animal infections with Strongyloides stercoralis 
several undetermined factors operate to produce a variability and 
instability of the strains of the organism.* Possibly the presence 
of parasitic male worms during the period between adolescence and 
maturity of the parasitic females may play an important part in 
determining the type of their progeny.” In order to obtain infor- 
mation on the fecundity of the parasitic females, we have inoculated 
17 dogs with 5 known human strains of Strongyloides stercoralis 
and a rhesus monkey with a chimpanzee strain. The abdominal 
skin, the buccal cavity and the intracecal mucosa were used as 
sites of entry for the infective stage (filariform) larvae. De- 
tailed information was obtained concerning the source, type and 
number of larvae in each inoculum, the prepatent period, the daily 
number of Strongyloides eggs or larvae recovered from the feces, 
and, on sacrificing the host, the position, number and condition of 
the parasitic females. The prepatent periods usually ranged from 
11 to 18 days, although one dog was positive on the fifth day, one 
was not detected until the 143rd day and one apparently never 
passed larvae in the stools. 

The number of eggs produced has been shown to rise rapidly to 
a maximum, after which it declines to a lower level which is main- 
tained for a time and then is gradually reduced toa base level of zero. 


* Supported by a grant from the Committee on Scientific Research, American 


Medical Association. 
1 Faust, E. C., and Kagy, E. S., Am. J. Trop. Med., 1932, 18, 47. 


2 Faust, E. C., Am. J. Hyg., 1933, 18, 114. 
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Culture of larvae in the feces, as recommended by Sandground,? 
is a poor index of production of progeny, because so many larvae 
are passed in a non-viable condition. Likewise, samplings of less 
than 5 gm. of feces daily are frequently inadequate to detect the 
larvae present. Even then great care is needed to discover and 
identify disintegrating larvae, which frequently number 5 to 90% 
of the total yield. 

At the beginning of egg production or soon afterwards the para- 
sitic female worms invade the intestinal mucosa, usually in the 
region of the duodenum or jejunum, where they deposit their 
embryonating eggs in the tissues. In the canine hosts the eggs 
usually hatch in the tissues and the rhabditiform larvae gradually 
work their way out into the lumen of the bowel, pass down and 
are evacuated in the feces. In the monkey infection eggs are usually 
discharged in the unhatched condition. Daily and average weekly 
counts of progeny in the feces were usually far in excess of uterine 
eggs in the parasitic females, indicating that several full clutches of 
eggs were oviposited daily. Furthermore, the yield of parasitic 
females at autopsy was frequently in excess of expectations, based 
on the number of infective-stage larvae in the inocula. Twice the 
number of parasitic females recovered was actually more than the 
number of larvae in the inocula. This excess can only be explained 
by the mechanism of internal (hyper-) infection, by which daugh- 
ter rhabditiform larvae transform into dwarf filariform larvae as 
they pass down the bowel, thence penetrating the mucosa of the 
large bowel to effect a migration via the blood stream to the lungs 
and return to the intestine, to develop into and settle down as adult 
worms usually in the mucosa of the duodenum and jejunum. Like- 
wise, adolescent and recently matured parasitic female worms, 
found by us in the duodenal and jejunal wall, along with post- 
productive females, several months after the host has been inocu- 
lated, quite likely belong to this type. Many female worms re- 
covered at autopsy were non-fecund. In several instances the feces 
had yielded no larvae for weeks or months. Nevertheless, these 
females were still living and became active in physiologic saline 
solution. Other females were encapsulated; still others were sur- 
rounded by phagocytic white cells, which had occasionally broken 
down the capsules and were attacking the worms. Hence reduc- 
tion in egg-production and the eventual loss of adult female worms 
by the host is probably due, not to migration of these worms out 
of the tissues and their loss in the passed feces, but to host tissue 


3 Saniground, J. H., Am. J. Hyg., 1926, 6, 337. 
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reaction, involving 2 mechanisms, namely, encapsulation and phago- 
cytosis. 

Although infection of the dog with human strains of S. ster- 
coralis is maintained only for a period of weeks or months, in 
contrast to years in man, the natural host, it is unlikely that man 
remains infected indefinitely without outside exposure or hyper- 
infection. Suspected patients should never be pronounced “nega- 
tive” for Strongyloides until prolonged intensive fecal examinations 
have been made. Even then the patient may be harboring tens or 
hundreds of post-productive females, which may account for 
characteristic symptoms of chronic strongyloidosis. Likewise the 
number of larvae recovered from the feces is not necessarily an 
index of the degree of infection in the intestinal wall. 
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Filarial Periodicity in the Dog Heartworm, Dirofilaria Immitis, 


After Blood Transfusion. 


E. HAROLD HINMAN, ERNEST CARROLL FAUST anp MICHAEL E. 
DEBAKEY. 


From the Department of Tropical Medicine, Louisiana State University Medical 
Center and the Departments of Tropical Medicine and Surgery, Tulane School of 
Medicine, New Orleans, La. 


Lane” * believes that the mechanism of filarial periodicity in 
filariasis bancrofti in man is due to a simultaneous daily parturition 
of the females, involving the destruction daily of as many micro- 
filariae as are produced. O’Connor** has found histological evi- 
dence to support Lane’s hypothesis, and concludes that this occurs 
about midday in Puerto Rico. On the other hand, Low and Man- 
son-Bahr® criticize the theory, because of the effects of absorption 
of these millions of dead microfilariae in the body, and because 
microfilariae have been kept alive outside the host for a week. 
Murgatroyd,* however, injected citrated blood containing 720,000 

1 Lane, C., Lancet, 1929, 1291. 

2 Lane, C., Lancet, 1933, 399. 

3O0’Connor, F. W., Porto Rico J. Pub. Health and Trop. Med., 1931, 6, 263. 

+O’Connor, F. W., and Hulse, C. R., Trans. Roy. Soc. Trop. Med. and Hyy, 
1932, 25, 445. 

5 Low, G. C., and Manson-Bahr, P. H., Lancet, 1933, 455. 

6 Murgatroyd, F., Lancet, 1933, 610. 
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microfilariae into a human volunteer 2 hours after withdrawing the 
donor’s blood, but never recovered microfilariae from the recipient’s 
blood. Rao‘ kept microfilariae alive im vitro at 4°C. under aseptic 
conditions for 4 to 6 weeks. He concludes from collateral evidence 
that the duration of the life of the embryos in the human body is 
about 70 days. 

Dirofilaria immitis is an infection of the dog, the adult worms 
occurring chiefly in the right ventricle and pulmonary arteries and 
their microfilariae exhibiting a nocturnal periodicity, although not so 
marked as in Wuchereria bancrofti. Fiilleborn® injected 6.25 cc. of 
blood, containing approximately 450,000 microfilariae, from an in- 
fected dog into a young puppy. These microfilariae persisted in the 
blood of the recipient for 9 months but showed no periodicity and 
were present in only about one-third of the expected number. He 
believed that the majority of the larvae withdrew to the lungs and 
only a fraction got into the circulation. Unfortunately the possi- 
bility of natural infection by mosquitoes or via the placenta of the 
mother was not entirely excluded. 

The present writers transfused heavily parasitized blood at 5 
P. M., March 29, 1934, into an uninfected 12-pound dog, shipped 
from Chicago (well outside the endemic area). The animal was 
kept in a doubly screened cage before and after the experiment. 
One hundred forty cc. of blood containing 27,475 microfilariae 
per cc. were transfused directly into the femoral vein, using the 
Gillentine-DeBakey syringe’ after previous removal of an equal 
amount of blood. This latter blood was citrated and injected into 
the donor which weighed 10 pounds. Estimating one-twelfth of the 
body weight of the dog to be blood, the recipient had lost and later 
received approximately one-third of its blood. Therefore the num- 
ber of microfilariae which might be expected to appear in its blood, 
if an even distribution resulted, would be about 9000 per cc. 
Actually only 8% of this number ever appeared in the peripheral 
bloodstream. 

Counts of microfilariae were made upon the donor and recipient 
every 2 hours for a 24-hour period before and after the trans- 
fusion (Table 1). Daily counts were then made at 5 P. M. for a 
week and subsequently, weekly counts (Table Il). These figures 


7 Rao, 8. S., Indian Med. Gaz., 1933, 68, 3; Abst. in Trop. Dis. Bull., 1933, 
30, 705. 

8 Fiilleborn, F., Bethefte Arch. f. Schiffs-u. Tropenhyg., 1908, 12, 6. 

9 Gillentine, W. H., and DeBakey, M. E., New Orleans M. and 8. J., 1933, 86, 
~ 100. 
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are averages of counts on 2 samples of 8 cmm. each for the donor 
and of 20 cmm. each for the recipient. 
TABLE I. 


Transfusion. 
No. microfilariae per ce. 


Donor Recipient 
Time Before After Before After 
5 P.M. 21,400 19,875 0 563 
1 Sonad 25,190 18,250 750 
ora 26,440 8,000 275 
sLaliyee 27 41,875 8,000 250 
1 A.M. 44,625 9,063 375 
ae 47,000 9,425 175 
ite ig 31,500 8,875 300 
he gee 16,325 6,000 350 
Ole es 17,625 13,750 375 
Uh; eee 17,750 9,350 425 
LicP3M 21,550 8,750 250 
os pe 27,475 10,037 200 
TABLE II. 
No. microfilariae per ce. 
Date—1934 Donor Recipient 
3/31— 5 P.M. 6,875 400 
4/2—5 ” 10,475 450 
4/3 —5 ” 10,125 400 
4/4—5 ” 10,000 550 
4/5 —5 ” 15,600 550 
4/13— 5 ” 21,650 750 
—11 A.M. 35,875 75 
4/19— 5 P.M. 38,750 100 
—ll ” 61,000 100 
4/20— 5 A.M. 34,250 75 
4/27— 5 P.M. 43,075 200 
fare D>, ?? 44,500 50 


A study of Tables I and II indicates that the filarial count of the 
donor was markedly reduced by the removal of approximately one- 
third of the dog’s blood, and remained lowered for 6 days, when 
it began to rise and had returned to almost the original level in 2 
weeks (April 13). Counts done at 6-hour intervals on April 19-20 
revealed that a greater number of microfilariae was present than 
before transfusion and that the usual periodicity reappeared. (In- 
jection of sodium citrate was shown to produce no apparent reduc- 
tion in numbers of microfilariae.) Daily production and destruc- 
tion of the microfilariae would have returned the count to normal 
levels within 24 hours. Active microfilariae were found in the 
recipient’s blood for 10 weeks, with only a slight variation during 
the first 2 weeks. The fact that the majority of embryos disap- 
peared almost immediately after transfusion into the recipient may 
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be due to their filtration by the viscera, particularly the lungs, as 
suggested by Fiilleborn.* 

It is apparent that, in the case of the dog heartworm-infection, 
periodicity cannot be explained on the basis of cyclical parturition 
and daily destruction of the larvae. 
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Observations upon the Complement Titre in Experimental 
Leukopenia and Leucocytosis.* 


HERBERT J. SCHATTENBERG snp WILLIAM H. HARRIS, 
From the Department of Pathology, School of Medicine, Tulane University. 


In connection with the causation of the Schultz syndrome or so- 
called agranulocytic angina, allergy has been considered as a fac- 
tor.»* In observations upon allergy Deutsch and Weiss* have 
shown that the complement titre was markedly lowered and in ana- 
phylactic shock, apparently absent. 

During certain studies upon the production of granulocytopenic 
leucopenia with bacterial toxins** we considered that it would be 
of interest to make observations upon the complement content of 
animals in which these cells had been depressed. As another factor 
in the production of granulocytopenic leucopenia we added the use 
of benzene inoculations. In addition to the animals wherein the 
leucocytes were depressed, others were employed in which experi- 
mental leucocytosis had been provoked. 

In the present experiments 36 guinea pigs and 18 rabbits were 
employed. The complement titre of all rabbits used was found to 
be approximately 1/10 the strength of that of the guinea pigs. 
Seventeen guinea pigs in which granulocytopenic leukopenia was 
produced with im vivo prepared toxic filtrates of B. enteritidis and 
B. typhosus were bled from the heart. Eight rabbits were injected 


* Aided by a grant from the David Trautman Schwartz Research Fund of 
Tulane University. 

1 Pepper, O. H. P., Calif. and Western Med., 1931, 35, 173. 

2 Editorial, J. Am. Med. Assn., 1933, 101, 368. 

3 Deutsch, F., and Weiss, E., Med. Klin., Berlin, 1933, 29, 1402. 

*Harris, W. H., and Schattenberg, H. J., Proc. Soc. Exp. Bion. AND MEp., 
1934, 81, 843. ; 

5 Schattenberg, H. J., and Harris, W. H., Proc. Soc. Exp. Bion. AND MED., 
1934, 31, 847. 
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with benzene in olive oil over a period of 7 to 9 days with the pro- 

duction of leukopenia after which blood was withdrawn from the 

_ heart. The leukopenia could be more consistently produced in the 
guinea pig than in the rabbit. 

In the production of experimental leucocytosis as previously 
found by us,° antigens of staphylococcus, milk, and B. typhosus 
injected intravenously in rabbits provoked the higher leucocytic 
responses of the group employed. In the present work, therefore. 
15 guinea pigs and 5 rabbits were injected with sterile milk or sus- 
pensions of killed Staphylococcus aureus. The rabbits injected in- 
travenously yielded a more constant and higher leucocytosis than 

In both the leucopenia and the leucocytosis the depression or 
increment of these cells were maintained for at least several days in 
order that the effect, if any, upon the complement may be more 


q The sheep cell hemolytic series was employed in the titrations. 

using 0.5 cc. of a 2% suspension of washed sheep cells. The 
hemolytic unit was first determined with the complement of control 
animals and the sera of the experimental animals paralleled with 


, 


TABLE L 
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this unit as a guide. Because of the known variation of the normal 
complement curve, all series of animals including controls were 
bled and tested at the same time. The time of titration of the dif- 
ferent series, after withdrawal of blood, varied from 4 to 18 hours. 

Table I demonstrates the results obtained for representative ani- 
mals of the different series and controls. In general it may be 
stated that no marked or clear cut difference in the complement 
content is manifested in animals showing leukopenia or leucocytosis 
as compared to the controls. Upon closer analysis there is an 
indication that leukopenic animals have a slightly higher comple- 
ment titre than either the normal animals or those showing leuco- 
cytosis. In certain of the animals wherein benzene injections had 
been employed, the complement titre was high even just prior to 
death. The complement content of the sera of the animals with 
leucocytosis was quite similar to that of the controls. 

While complement may be reduced or absent in allergy and this 
latter factor may play a role in the causation of the Schultz syn- 
drome, our preliminary results do not show any reduction of the 
alexin of the sera of animals in which experimental leukopenia was 
produced. 
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Barbiturate-Strychnine Antagonism in the Spinal Cat. 


W. T. DAWSON anp E. L. PORTER. 


From the Departments of Pharmacology and Physiology, University of Texas 
School of Medicine. 


Barbiturates are generally thought to act chiefly on the brain,’ 
strychnine to exert its convulsant effects by an action on the cord.* 
li this were an absolute difference between the two, it would be dif- 
ficult to see how the barbiturates could act as effective antagonists to 
strychnine, as numerous observers® have shown. 

To test whether this antagonism does exist in the cord, the writers 
have made use of 9 spinal (decapitate) cats, prepared by the Sher- 


1 Sollman, T., Manual of Pharmacology, 4th Ed., 1932. 

2 Dusser de Barenne, J. G., Physiol. Rev., 1933, 13, 325. 

3 Zerfas, L. G., and McCallum, J. T. C., Curr. Res. Anesth. and Analg., 1929, 
8, 349. Dawson, W. T., and Taft, C. H., Jr., Proc. Soc. Exp. BroL. AND MED., 
1931, 28, 917. Llopis Llorente, R., Cron. Med. Valencia, 1932, 36, 58. Swanson, 
E. E., J. Lab. and Clin. Med., 1932, 17, 325. Haggard, H. W., and Greenberg, 
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rington method.* Strychnine sulphate was administered subcu- 
taneously in doses of 0.75 or 1 mg. per kg. Violent convulsions 
followed in all cases, marked by typical repeated rigid extensor 
tetanus. When this stage was reached, a barbiturate solution was 
injected intravenously. This injection was followed in each case 
instantly by muscular relaxation. Threatened or actual recurrence 
of tetanus was met by further doses of barbiturate. The animals 
survived for varying lengths of time from 24 minutes up to sev- 
eral hours after tetanus appeared. Three control animals receiving 
strychnine alone showed recurrent tetanus for 20 to 80 minutes after 
its onset. All doses were based on weight of intact cat. 
The results are summarized in Tables I and II. 


TABLE I. 
Barbiturate-Strychnine-Antagonism in Spinal Cat. 
‘ Further doses 
Strych. Barbiturate 
Sulph. Barbiturate, } X size Min. sur- 
Cryst. Min.to Initial dose Further tetani of each vival after 
mg./kg. tetanus in mg./kg. and procedure in mg./kg. onset of tetani 
0.75 32 Na pento- 1 tetanus; 10 0 95+ 
barbital,2%; mg./kg. repeated 
10 
0.75 40 Na amytal 0 0 68-81 
10% ;10 
1.00 39 Na pheno- 0 1x40 43-48 
barbital, 
10% ; 40 
1.00 42 Alurate, 0 2x16 92+ 
10% ; 33 
j 1.00 39 Dial,10%;10 0 11x5 69+- 
' 1.00 9 Pernocton,1% 1 weak tetanus 0 24-37 
(Na salt) ; 1 
TABLE It. ‘ 
Strychsine Subcutaneously in Spinal Cat (Strych. Sulph. Cryst. 1.0 mg. per kg.). 
Cat No. 1 2 3 
Min. to onset of tetanus 5 14 19 
Time tetani continued to occur | ie 60 80 
Time strong tetani continued to oceur 12 28 55 
No. of strong tetani 7 28 10 
be ee OF vweak ”? 2 8 5 
Min. survival after onset of tetanus 43-59 86-91 80-83 


L. A., J. Am. Med. Assn., 1932, 98, 1133. Simon, L., Arch. di farmacol. sper., 
1932, 54, 55. Barlow, 0. W., J. Am. Med. Assn., 1932, 98, 1980. Wheelock, M. 
C., J. Am. Med. Assn., 1932, 99, 1862. Kempf, G. F., McCallum, J. T. C., and 
Zerfas, L. G., J. Am. Med. Assn., 1933, 100, 548. Swanson, E. E., J. Lab. and 
Clin. Med., 1933, 18, 933. Stalberg, S., and Davidson, H. S., J. Am. Med. Assn., 
1933, 101, 102. Maloney, A. H., J. Pharmacol. Exp. Therap., 1933, 49, 133. Fenton, 
B. C., J. Am. Med. Assn., 1933, 101, 1333. Koumans, A. K. J., Klin. Woch., 1934, 
13, 103. 

nae G. T., and Sherrington, Sir Charles, Practical Mammalian Phys- 
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Comment on Tables. “Survival’’—disappearance of reflexes and 
of heart beat were usually nearly simultaneous, the survival period 
being between limits given. Notes on individual experiments. Na 
pentobarbital—recurrence of tetanus after 26 minutes shows that 
the strychnine dosage used is capable of causing a prolonged tetanic 
stage; observation was interrupted 70 minutes after the second 
tetanus, the preparation was left on artificial respiration and was in 
good condition 4%4 hours later. Na amytal—it will be noted that 
the abolition of tetani may result from even very moderate dosage 
with barbiturate, but that this does not necessarily restore to the 
spinal cat preparation its normal viability of many hours. Alurate 
in diethylamine solution—92 minutes after onset of tetanus the 
preparation was in very good condition; observation terminated. 
Dial, in urethane-monoethyl urea solution, these bases present in 
amounts claimed not greatly to affect dial action°—the preparation 
was left on artificial respiration and found in good condition 2 hours 
later. Pernocton—a weak tetanus occurred 14 minutes after the 
first, and the reactivity then spontaneously and rapidly diminished 
to zero. 

The present work is, of course, purely preliminary. It indicates, 
nevertheless, the existence of a barbiturate-strychnine antagonism in 
the cord animal. Experiments of a more quantitative nature are in 
progress. 
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Electrocardiographic Changes in Acute and Chronic Pericarditis in 


the Goat. 


GEORGE HERRMANN, E. H. SCHWAB, HARRISS WILLIAMS anp 
DOLA BOOTH WILLIAMS. 


From the Departments of Practice of Medicine and Surgery, Medical Branch, 
Unwersity of Texas. 


Clinical electrocardiographic experiences emphasized to us the 
similarity of the subjective, physical and electrocardiographic find- 
ings in hemopericardium and acute fulminating pericarditis, but we 
also noted electrocardiographic changes in the subacute or chronic 
healing stages of pericardial inflammation.t In order to get more 


5 New and Non-official Remedies, 1934. 
1 Herrmann, G., and Schwab, E. H., Trans. Assn. Am. Phys., 1934, 49, in 
press. 
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exact information, Cohnheim’s’ classical experiments were repeated 
but instead of using oil or saline as Katz, Feil and Scott*® and the 
Foulgers* had done in the dog, we used air, oxygen and blood as 
well as saline pressure in the pericardium of the goat. (Fig. 1.) 


Spices 


Fie. 1. 

Electrocardiographie and kymographic tracings taken as control and during the 
acute air, oxygen and saline pressure experiments in Goat 8. The control elec- 
trocardiograms in leads 1, 2, 3, and 4 are shown first with the goat on his right 
side R, then on his back B, and then on his left side L; again after the chest 
and pericardium were opened and the pericardial cannula was in place. Under 
ATR P. EXP. I is shown the kymographic record of intrapericardial pressure, 
time during which the electrocardiogram was taken and the mean carotid blood 
pressure with as base lie a time marker in seconds. Then follow electrocardio- 
grams taken at the beginning A; at the 10 mm. IP pressure height B; at the 
falling to 5 mm. IP pressure ©; and at the return to the baseline of the IP 
pressure D. Exp. 1, 2, 3, with air pressure in leads 1, 3, and 3, Exp. 4 and 5, 
with oxygen in leads 1 and 3; Exp. 6, 7, and 8, with saline in leads 3, 3, and 1; 
and Exp. 9, saline in lead 1 with an injection of 0.1 ee. of adrenalin solution 
when the carotid pressure was at its lowest. 


We also found, as others® have a direct relationship between intra- 
pericardial pressure and electrocardiographic changes. After the 
acute pressure experiments (Fig. 1) protein solution or bacterial 
cultures were introduced into the sutured closed pericardium and the 
subsequent developments studied. (Figs. 2 and 3.) 


2 Cohnheim, J., The New Sydenham Society, London, 1889, 1, 21. 
3 Katz, L. N., Feil, H. S., and Scott, R. W., Am. Heart J., 1929, 5, 77. 
4 Foulger, M., and Foulger, J. H., Am. Heart J., 1932, 7, 744. 
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A GOAT 8. ine 
GONTRGE ea : 


1OCC. | 
4-23 4.23 4-24 4-25 4-27 4-30 5-3 


by 


Lee 


PIG. 2. 

Goat 8, electrocardiographic tracings in leads 1, 2, 3, and 4 from above down- 
ward, taken as control and directly after filling the pericardium with saline and 
10 ce. of protein solution and on several dates afterward, 4-24 to 5-7. It is to be 
noted that the acute positive elevations in all leads on 4-28 (10 cc.) disappear 
and subsequent T wave changes appear, 


The elevation of the RST sector in all 4 leads was produced as 
shown in Fig. 2 (4-23) by the acute great increase in intraperi- 
cardial pressure, also lesser RST interval changes with slight ele- 
vation, upward convexity and negative T waves. (Fig. 1.) These 
changes were preceded by, and probably chiefly the result of, the 
sharp drop in peripheral BP that resulted from the auricular col- 
lapse incident to the increased intrapericardial pressure. (Fig. 
I KYMO. AIR. P. EXP. I.) The electrocardiographic changes dis- 
appeared shortly after the intrapericardial pressure was reduced or 
as the pericardium stretched or the fluid was absorbed. The electro- 
cardiographic findings in hemopericardium or acute fulminating ex- 
udative pericarditis may be explained on the same premises. 

As the chemical or bacterial pericarditis developed in a few days 
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Fia. 3. 
Goat 2, like the above exeept that only 3 ce. of the protein solution were in- 
jected. The more chronic cycles of T wave changes especially in lead 1 are to be 
noted on the various dates from 4-9 to 5-y. 


there evolved ST interval changes and T wave negativity beginning 
in lead 1 and progressively developing in other leads and then slowly 
retrogressing as healing took place. (Figs. 2 and 3.) These find- 
ings as those in the human cases were accompanied by an epicar- 
ditis and a subepicardial myocardial involvement. The evolution 
and disappearance of the changes is more rapid in sterile chemical 
pericarditis. Recurrent phases of T wave changes may appear in 
the more subacute inflammatory processes. Thus the 2 types of 
electrocardiographic changes in pericarditis, the acute and the sub- 
acute are accounted for. 


Minnesota Section. 


University of Minnesota, May 16, 1934. 
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Calcium and Coagulation of Blood. 


F. H. SCOTT anp CAROLINE CHAMBERLAIN. 
From the Department of Physiology, University of Minnesota. 


Vines’ called attention to the fact that it requires about 3 times 
the amount of oxalate to prevent the coagulation of blood than 
would be expected from the total amount of calcium in the blood. 
This was confirmed by Loucks and Scott.* Vines also called atten- 
tion to the fact that on recalcifying coagulation occurred before all 
the oxalate was neutralized. Vines used small amounts of blood and 
used a biological method for calcium determination and his deter- 
minations of the amount of fibrin formed are only relative. It was 
felt that it was desirable to repeat some of the recalcifying work 
using larger amounts of plasma. The calcium determinations were 
made by the method of Kramer and Tisdall* while the fibrin formed, 
was washed, dried and weighed. Dogs that had been anesthetized 
with nembutal were the source of the blood used. 

In a number of cases the amount of oxalate necessary to pre- 
vent coagulation was determined and then by recalcification of sam- 
ples of plasma which had not clotted to see if they would clot at the 
same deficiency of calcium. Samples of plasma from 15 to 150 cc. 
were used in these experiments but for comparison all figures are 
given as if 100 cc. had been used. In all cases a sample of blood 
was permitted to clot and the calcium estimated in the serum. 
Loucks and Scott® showed the difference in calcium between plasma 
and serum was within limits of experimental error. To prevent 
evaporation while centrifuging the centrifuge tubes were always 
capped with a rubber membrane (Collins and Scott*). All the re- 
calcifying experiments were done at room temperature. 

1 Vines, H. W. C., J. Physiol., 1921, 55, 86. 

2 Loucks, Milo M., and Scott, F. H., Am. J. Physiol., 1929, 91, 27. 

3 Kramer, B., and Tisdall, F. J., J. Biol. Chem., 1921, 47, 415. 

+ Collins, Dean A., and Scott, F. H., J. Biol. Chem., 1932, 97, 189. 
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The experiments were carried out as follows: Varying amounts 
of a 17.4% potassium oxalate solution were put into 15 cc. centri- 
fuge tubes and 10 cc. of the blood run into them, thoroughly mixed 
- and then larger amounts of blood run into bottles containing enough 
oxalate to prevent coagulation. The larger samples were centrifuged 
immediately and the plasma removed. The smaller 15 cc. tubes were 
permitted to stand over night and then centrifuged and the calcium or 
oxalate estimated in the clear fluid. Typical results like the follow- 
ing were found: 

Serum calcium = 10.1 mg. per 100 cc. All tubes of shed blood 
went solid until there was oxalate sufficient to make a deficiency of 
calcium of 32.8 mg. per 100 cc. Tubes with a calcium deficiency of 
29.2 and 31.1 mg. per 100 cc. went solid. The larger amounts of 
plasma from the bottles was found to have a calcium deficiency of 
38.2 mg. When less than 2 mg. of calcium were added (enough to 
neutralize only 1/20 of the oxalate present) there was a slight for- 
mation of fibrin. In order to get a solid clot one must add ap- 
proximately enough calcium to neutralize about % to %4 the calcium. 
In the above case the tubes did not go solid until the Ca deficiency 
had been reduced to 11.4 mg. In other cases it has gone solid with 
only % of the oxalate neutralized. The figures for decalcification 
and recalcification therefore do not indicate any fixed relationship. 

As the above figures show one can obtain some fibrin on recal- 
cification when there is still a great excess of oxalate present. One 
of the surprising things about the partial neutralization oi the oxa- 
late is that although there is oxalate present the influence of the 
calcium is felt for a long time as shown by experiments like this. 


Plasma calcium deficiency = 30.1 mg. per 100 cc. 
7.5 mg. Ca added after 2 hours slight clot. 

” 4 + fair 3? 

* 27 ” enough clot so beaker could be 
inverted. The control without calcium remained fluid. Likewise 
if oné adds a small amount of calcium and lets stand for a time 
and then removes the fibrin one will get another crop of fibrin. For 
example a plasma with a calcium deficiency of 28.5 mg. had 14.4 mg. 
Ca added. After 6 hours it was solid and 0.428 gm. of fibrin were 
removed. On standing 14 hours longer 0.076 gm. more had formed. 
The calcium deficiency actually found at the end was 14.4 mg. per 
100 ce. 

As one adds more and more calcium more fibrin is formed. One 
_ obtains figures like the following: 
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Ca deficiency 38.2 mg- per 100 ec. Ca deficiency 33.9 mg. per 100 ee. 
Ca added Pibrin formed Caleium added Fibrin formed 
19 0.024 8.3 1584 
33 020 16.6 3844 
76 053 24.9 3456 
114 052 33.3 3128 
152 049 49.9 5664 
191 046 66.7 -6408 
pa 064 
26.6 092 
20.4 358 
24.2 530 
38.2 603 
418 716 


It is seen from the above that the relationships of calcium are 
by no means simple. That the conversion of fibrinogen into fibrin 
can take place in the absence of inorganic calcium is certain. When 
inorganic calcium is added to decalcified plasma the decalcified 
thrombin can compete at first against potassium oxalate for the 

ssession of the calcium and active thrombin is formed. The 
active thrombin exerts its action for some time even in the presence 
of oxalate until it is again inactivated by the loss of calcium. Loucks 
and Scott’ showed it takes some time for oxalate to destroy the 
activity of thrombin. (It is extremely difficult or impossible to 
destroy it by dialysis.) The regeneration of thrombin, when inor- 
ganic calcium is added, is however immediate. 

Attention is called to the similarity of the calcium and kephalin in 
regard to thrombin. Mills* showed that thrombin passes into meta- 
thrombin because the kephalin goes over to the other blood pro- 
teins. Metathrombin may be converted to thrombin by the addi- 
tion of kephalin and it will pass into metathrombin again as it loses 
it kephalin to the other proteins again. 


7437 C 
Glucose Tolerance. 


ESTHER M. GREISHEIMER anp EDITH GOLDSWORTHY. 
From the Department of Physiology, University of Minnesota. 


Joslin*® states that diabetes is hereditary in 25% of the cases. In 
view of this, the authors were interested in determining whether or 
not a tendency toward, or an early indication of, diabetes mellitus 


% Mills, C. A., Am. J. Physiol., 1926, 76, 651. 
1 Joslin, E. P., Diabetic Manual, 1929, 4th edition, 145. 
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could be noted by some slight abnormality in the response to the 
glucose tolerance test in relatives of diabetics. A preliminary study 
left the authors unsatisfied, so the work was continued for a time. 

In conducting the test, each subject was asked to cat a balanced 
diet during the previous week, as the diet may markedly influence 
the results.* The conditions were not ideal, since the term “balanced 
diet” is interpreted in various ways; however, it was impossible to 
keep the subjects on a known diet before the test. A 12 to 14 hour 
fast preceded the test. The sugar was determined in the fasting 
blood, then one gram of glucose per kilogram of body weight was 
given in the form of lemonade. The blood sugar was determined 
again one-half hour, one hour, 2 and 3 hours after the ingestion of 
the glucose. The sugar was determined in duplicate by the Shaffer- 
Somogyi method.* 

The subjects included 35 women and 18 men with maternal dia- 
betic relatives, 20 women and 14 men with paternal diabetic rela- 
tives, and 8 women and 1 man with diabetic brothers or sisters. Of 
the entire group, diabetes mellitus had occurred in parents and 
grandparents in 9 women and 6 men; in 8 women and 1 man dia- 
betes mellitus had occurred in both maternal and paternal relatives. 

The results are presented in Table I; the giucose values are ex- 
pressed as mg. 7. 


TABLE L 


Pasting 1% hr. ihr. 2 hr. 3 kr. 
Maternal diabetic relatives 
35 women 85 127 103 72 76 
18 men 82 123 106 76 75 
Average for above group at 125 1% 78 75 
Paternal diabetie relatives 
women $1 124 97 72 re 
14 men & 130 108 76 63 
Average for above group 81 126 102 77 7i 
or sisters 
8 women and 1 man &3 107 85 73 74 
iabeti and grandparent 
10 women and 5 men 131 124 82 ag 
id paternal diabetic relatives 
8 women and 1 man 2 133 100 73 73 


It is evident that no striking abnormalities are present in the 
subjects studied. The differences between the group with maternal 
diabetic relatives and that with paternal diabetic relatives are unim- 

ee EEE 

2 Greisheimer, E. M., and Goldsworthy, E., Am. J. Physiol, 1933, 105, 40. 
Bion). pr geal E., and Thomas, G., Proc. Soc. Exp. Bow 


Ras aed Beceegyl, M., J. B. C., 1933, 100, 695. 
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The group with diabetic brothers or sisters shows a flat curve; 
4 of these subjects were members of one family. Although no 
pertinent information could be had by questioning, it was suspected 
that this family tended to eat more carbohydrate food than the 
balanced diet permits. Obesity was present in these siblings. 

The group with diabetic relatives in the past 2 generations showed 
a slight delay in the fall, as evidenced by the higher value in the 
one hour sample than in the other groups. 

On the whole, no abnormalities appear constantly in the glucose 
tolerance in subjects who have maternal diabetic relatives, paternal 
diabetic relatives, diabetic relatives in the 2 preceding generations, 
or in those who have both maternal and paternal diabetic relatives. 

The present study indicates that one cannot predict a diabetic 
tendency nor see an early indication of diabetes mellitus by con- 
stant abnormality in glucose tolerance in those whose relatives are 
known to have diabetes mellitus. 


7438 C 
Effect of Deuterium Oxide on Rat Sarcoma R-39. 


CHARLES E. REA anp SAMUEL YUSTER. (Introduced by O. H. 
Wangensteen.) 


From the Department of Surgery and The Cancer Institute and the Department 
of Physical Chemistry, University of Minnesota. 


The work of Lewis’ on the inhibiting effect of deuterium oxide 
(heavy water) on the germination of tobacco seeds and the inves- 
tigations of Barnes” showing the suppression of cell division in 
spirogyra by dilute solutions of deuterium oxide led us to study its 
effects on tumor tissue. Recently Woglom and Weber* reported 
that 0.40 to 0.42% deuterium oxide had no demonstrable effect on 
the growth of mouse sarcoma 180 or mouse carcinoma 63. Una- 
ware of the above work we have been studying the effect of deu- 
terium oxide on rat sarcoma R-39 for the past few months. 

The deuterium oxide was obtained and analyzed by one of us 
(S. Y.) through the courtesy of Dr. Lloyd H. Reyerson of the De- 
partment of Chemistry. It was refluxed with acid dichromate, dis- 


1 Lewis, G. N., J. A. C. S., 1933, 55, 3504. 
2 Barnes, T. C., J. A. C. S., 1933, 55, 4332. 
3 Woglom, W. H., and Weber, L. A., J. A. M. A., 1934, 102, 1289. 
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tilled, refluxed with potassium permanganate, and distilled again. 
Analysis by a density measurement showed the water to contain 
0.11% deuterium oxide. The water was sterilized by autoclaving 
before use. No effect was noted in 4 normal rats, and 2 guinea pigs 
that received one cubic centimeter of this heavy water intraperi- 
toneally every third day for 4 doses. This is in line with the work 
ot Macht and Davis,* who found no detectable effect in mice which 
were injected with 0.05% deuterium oxide. 

Rats with rat sarcoma R-39 were received irom Dr. F. C. Wood 
of the Institute for Cancer Research, Columbia University, and 
transplants from these tumors were made into young stock rats 
weighing 60-90 gm. This tumor was selected as it is reported to take 
in 100% oi cases; in this study, however, we obtained takes in only 
86% oi cases. The rats successfully inoculated with the tumor 
were divided into 3 groups; one group of 50 rats had one cubic 
centimeter of 0.11% deuterium oxide injected in and around the 
tumor every other day until 10 doses were given; the second group 
of 50 rats received one cubic centimeter of sterile water in and 
around the tumor for a similar period of time; a third group of 20 
tats received no treatment. The diet consisted of Champion Mink 
food throughout the experiment. 

The results obtained were similar to those recently reported by 
Woglom and Weber. No effect on either tumor or host was ob- 
served in most of the rats to which 0.11% deuterium oxide had been 
given. The size and course of 44 of the tumors in this group were 
practically the same as those that received sterile water. Over two- 
thirds of the tumors in groups one and 2 were badly ulcerated by 
the end oi the experiment. However, six (12%) of the tumors 
injected with heavy water seemed to show a more rapid growth 
and were slightly larger than any of the controls. The interpreta- 
tion of this finding is not clear. While it may be due to individual 
variations in the rats, the rather high incidence (12%) and the 
fact that such large or rapid growth was not obtained in any of the 
controls, seems to make this finding more significant. Recently 
Barnes and Larson* showed that dilute solutions of heavy water 
actually stimulated the growth of spirogyra. 

Conclusions. 1. Heavy water in concentrations of 0.11% had no 
demonstrable effect on 4 normal rats. 2. No effect was observed in 
44 of 50 rats inoculated with rat sarcoma R-39 to which the same 
concentration of heavy water was given. 3. However, 0.11% deu- 

4 Macht, D. L, and Davis, M. D., J. 4. C. S., 1934, 56, 246. 

5 Barnes, T. C., and Larson, E. J., J. A. C. S., 1933, 55, 5059. 
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terium oxide seemed to have a stimulating effect on rat sarcoma 
R-39 in 6 of 50 rats so treated. 
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Comparative Efficacy of Substances Employed in Prevention of 
Intra-Peritoneal Adhesions. 


CHARLES E. REA anp OWEN H. WANGENSTEEN. 


From the Department of Surgery, University of Minnesota 


In this study, the following substances were compared with re- 
gard to their relative effectiveness in preventing peritoneal adhe- 
sions in rabbits: defibrinated ox blood, defibrinated rabbit blood, 
amniotic fluid, amfetin,* sodium ricinoleate (1%), blood serum of 
dog, ether, hypertonic glucose (10%), normal saline, papain 
1-50,000, air, air and sodium ricinoleate (1%), air and amfetin. 

The method was as follows: under ether anesthesia, the abdomen 
of the rabbit was opened and a culture taken with sterile precau- 
tions. Intraperitoneal adhesions were produced by roughening the 
peritoneum and intestines with a knife or rubbing with gauze, and 
painting the raw surfaces with tincture of iodine. In 12 animals so 
treated (controls) 2 died from the procedure, and of the 10 sur- 
viving 9 developed peritoneal adhesions (90% ). Twenty cubic cen- 
timeters of the substance to be tested were introduced into the peri- 
toneal cavity after the iodine was applied. When air was also added, 
20 ce. of the solution and 60 cc. of the air were used. About 10 
rabbits were used in each series. In the 4 best series the effectiveness 
was studied in another 10 rabbits to make the number of animals 
used (20) significant. The rabbits were allowed to live one week 
before being killed, when a culture was again taken. The peritoneal 
reaction was studied. Adhesions were graded as slight, medium or 
dense. The results of the experiments are tabulated in Table I. 

Results. The 4 substances that were most effective in preventing 
adhesions in this study were: Sodium ricinoleate (1%), 85%; 
Papain 1-50,000, 75% ; Amfetin, 70% ; defibrinated rabbit’s blood 
65%. 

Ochsner and Garside demonstrated that papain and trypsin are 
inactive in the presence of infection. Sodium ricinoleate, or castor 
oil soap, not only prevented adhesions most often, but has the added 


* Lilly trade name for amniotic fiuid. 
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advantage of acting in either in a sterile or infected perito- 
neum. Its action on bacteria is a surface tension phenomenon; 
it destroys the cell membrane of the bacteria (Larson’). While 
B. coli and Cl. welchi will grow in sodium ricinoleate, papain, 
amfetin, and defibrinated blood, they are rendered nonpathogenic 
by sodium ricinoleate. Its action in preventing adhesions, except for 
its effect in limiting bacterial growth, is not clear. The manner in 
which it works is more than by just mechanical separation of the 
bowel, for in rabbits most of it is absorbed within one hour (B. 
Olson’). Studies on the peritoneal fluid of rabbits using supravital 
staining methods (neutral red) would suggest that half the histio- 
cytes are either killed or injured by the sodium ricinoleate, judging 
from the amount of dye in these cells. Thus, sodium ricinoleate 
may destroy the cell membrane of the histiocytes as well as bac- 
teria, thereby limiting the repair process. It emulsifies fibrin im 
vitro; papain actually digest fibrin, while amfetin and defibrinated 
rabbit’s blood have no effect. 

Cultures were taken from the peritoneal cavity before and after 
the adhesions were produced. It is interesting that some type of 
bacterial growth was cultured in approximately half (42 out of 79) 
of the peritonea of apparently normal rabbits before the trauma and 
iodine were applied. The technique was checked by members of the 
Surgery and Bacteriology Departments and no errors could be de- 
tected. Controls were taken routinely from the applicators and 
media. For the most part the growths were mixed cultures of 
Gram positive and negative rods and cocci; B. coli was never found. 
At death all cultures of the peritoneal cavity showed some growth; 
20% of the cultures showed B. coli and 15% Cl. welchi. However, 
in 3 of the 9 cultures taken from rabbits that had received sodium 
ricinoleate, there was no demonstrable growth, and one of these had 
shown a positive culture of mixed organisms before operation. 

It is the practice of this hospital when sodium ricinoleate is used 
to put 60 cc. in the peritoneal cavity. Our clinical results with it 
or any of the other substances are too meager to draw conclusions. 
However, since in this study, sodium ricinoleate was most effective 
in preventing peritoneal adhesions in rabbits, its further clinical use 
would seem warranted. 

The addition of air to sodium ricinoleate (1%) or amfetin in 
these experiments did not appear to enhance the protecting mechan- 
ism against adhesion formation. In a few patients who have been 


1 Larson, W. P., personal communication. 
2 Olson, B. J., personal communication. 
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operated upon repeatedly for intestinal obstruction of adhesive 
origin, air has been put into the peritoneal cavity, after a complete 
lysis or freeing up of the adhesions was done, to mechanically sep- 
arate the gut from the abdominal wall during the healing phase. 
Surprisingly good results have been obtained in a few such in- 
stances.*® 

Summary. Sodium ricinoleate, 1%, papain 1-50,000, and am- 
fetin and defibrinated rabbit’s blood were found most efficacious in 
obviating adhesion formation after painting the traumatized peri- 
toneal surface with iodine. Sodium ricinoleate would appear to be 
particularly valuable in that it is not rendered inactive in the pres- 
ence of infection. 
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Character of the Gaseous Distension in Mechanical Obstruction 
of the Small Intestine. 


JAMES 8S. HIBBARD anp OWEN H. WANGENSTEEN. 


From the Department of Surgery, University of Minnesota. 


Mclver’ and his associates have shown that gaseous distension of 
the stomach after abdominal operations is largely due to swallowed 
air. In mechanical obstructions of the gut, McIver” believes that 
decomposition of intestinal contents is probably the most im- 
portant source of the gaseous distension. Wangensteen and Rea® by 
excluding the swallowing of air by transecting the esophagus in the 
dog have indicated that swallowed air is probably the chief source 
of gaseous distension in mechanical obstructions of the small intes- 
tine as well. 

In this study the nature of the gases present in the distended in- 
testine was subjected to chemical analysis. Determinations were 
made’ in a group of dogs with terminal ileal obstructions, the gut 
being divided a few centimeters proximal to the ileo-cecal sphincter ; 
in a similar group of dogs in which a preliminary esophagostomy 
had been made, and in a third group with closed intestinal loops. 

The gases of the obstructed intestine were analyzed with the 

3 Wangensteen, Owen H., Arch. Surg., 1933, 26, 933. 

1 Melver, M. A., Benedict, E. B., and Cline, J. W., Arch. Surg., 1926, 13, 588. 

2 McIver, M. A., Am. J. Surg., 1933, 20, 509. 


3 Wangensteen, O. H., and Rea, C. E., Proc. Soc. Exp. Brot. AnD MeEp., 1934, 
31, 1060. 
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employment of the U. S. Bureau of Mines apparatus.* The gas 
sample was drawn over mercury into specially made gas tubes 
while the animals were under ether. In some analyses, brine was 
used in the gas apparatus instead of mercury, and this accounts for 
the lack of the estimation of the volatile basic group in some of the 
experiments. 


TABLE I. 
(Group A) Simple Ileal Obstruction. 

Dura- Fluid Volatile 

Wt. tion Content ———————————_Gaseous Content——_----___ Basie 
Amount COs Os No CH, Hoe H.S Group 

Ibs. days ce. ce. % % o fo 0 ‘0 % 
55 3 150 100 — — — —_>_ — — _ 
50 2 — —_— 4.70 10.92 61.+ 0 0 4.68 + 
42 3 300 150 6.20 1.48 71.+ 0 0 7.86 + 
48 3 290 200 12.71 Als LE 60.+ 0 0 14.00 + 
42 x 150 220 12.19 0.69 70.-+ 0 0 1.99 + 
46 3 220 290 9.36 1.00 74. 0 0 0.92 + 
44 3 235 320 9.10 0.52 70.+ 0 0 4.33 + 
55 3 1198 325 13.10 1,82 73.64 0 0 9.41 2.03 
36 5 400 200 11.50 0.97 79.4 0 0 6.58 1.54 
34 7 200 300 8.80 2.14 66.+ 0 0 13.23 8.75 
48 3 210 225 24.20 0.30 53.04 0 0.85 17.90 . 4.21 
32 6 750 250 — —_— — = — —_— —_ 
43 3 420 430 15.09 1.15 23. 0 0.49 45.14 + 

Dead 
Average 373 234.5 

TABLE II. 
(Group B) Simple Ileal Obstruction with Esophagostomy. 

Dura- Fluid Volatile 

Wt. tion Content ———————— Gaseous Content———————————___ Basie 
Amount COs Os No CH, He HLS Group 

Ibs. days ce. ce. % fo Jo Jo ‘0 % % 
42 3 250 110 12.8 1A) 76.3 0 0 9.8 — 
36 3 240 140 9.0 3.2 85.0 0 0 3.1 — 
40 3 300 40 9.5 0.4 73.4 — 8.2 8.0 0.5 
O2 ee 250 100 12. 5.7 76.2 0 0 6.1 — 
46* 3 225 160 — — — —- — — —— 
39% es 150 60 12. 0.9 71.6 3 4, 10.4 — 


Average 236 100 


*Were fed a mixed diet previous to operation. 


The composition of the gas appearing in all groups (Tables I, II, 
and III) was different in some respects than the composition oc- 
curring in other conditions reported in the literature. Nitrogen 
tended to come into equilibrium with the blood and surrounding 
tissue, decreasing to about four-fifths of an atmosphere. In the 
early hours of obstruction the oxygen content was found to be 


*Bulletin 197, U. 8. Bureau of Mines, 41. 
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TABLE III. 
(Group C) Closed Loop Obstruction of Small Intestine. 

Dura- Fluid Volatile 

Wt. tion Content ———————————Gaseous Content——----—___ Basic 
Amount CO, Oo Ne CH, He H.S Group 

Ibs. days ce. ce. % % % Jo Yo % %o 
36 2 60 90 — — — —- => = = 
42 2 150 70 4.5 12.35 87:00) —) — =e at 
40 3 225 83 8.26 2.39 74.84 0 0 12.78 1.62 
42 3 1050 40 10.00 4.00 _ —_- — 3.00 Trace 
30 5 130 10 — — — —_- — — > 
Ad 8 200 100 — — — —-_ = — — 
38 3 600 40 5.12 2.8 51.+ 0 0 15.36 + 

Dead 
46 3 —_ — 18.40 1.02 11.94 0.13 3.25 62.74 = fs 

Dead 
52 3 — —_— 13.17 1.75 37.34 0 2.33 42.20 3.21 

Dead 
26 4 350 20 — — _ —_- — — _ 

Dead 


Average 136 65.5 


quite high (10 to 12%), but after the 72 hour period its value fell 
to a uniformly low figure. Even in early obstruction, the carbon 
dioxide showed a decided approach to that found in the blood. 
Apparently this was due to its high diffusion rate. The average 
percentage of these gases agrees quite favorably with other con- 
ditions previously reported. 

Hydrogen sulphide was present in all experiments and increased 
as the severity of the obstruction increased with a marked rise after 
death. The volatile basic group (ammonia, methyl amine, etc.) 
although not high, appeared quite consistently throughout and 
showed some increase in the later stages. Since the formation of 
this group of gases is entirely dependent upon protein putrefaction, 
the high percentage found as death approached suggests the marked 
degree of putrefaction present in the terminal stages of obstruction. 

The results obtained in the combustible group of gases were en- 
tirely unexpected. Methane was present in only 2 experiments, and 
then only in a very small amount (0.13 and 0.30%). Similarly, 
hydrogen was consistently absent, occurring in only 2 animals (8.2 
and 4.0%). The results obtained in the combustible group of 
gases can be explained on the basis of Kantor’s* suggestion, viz., 
that the greatest amount of combustible gas is formed in the colon 
by a specific bacterial action on cellulose. This explanation is sup- 
ported by Mclver, who found large quantities of combustible gases 
in paralytic ileus in which the samples were obtained by rectum. 

Comparing the results in Table I with those in Tables II, and III, 


4 Kantor, J. L., Am. J. Med. Sci., 1918, 155, 829. 
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it is quite evident that the quantity of gas occurring in the closed 
loops is much less. The average amount found in the closed loops 
was 76 cc. as compared to 234.5 cc. occurring in open loops of a 
comparable length. Since the quantity of gas produced in the 
closed loops arose either from food decomposition or from the 
blood stream, since nitrogen gas can not originate from food ma- 
terial, it is obvious that the larger part of the gas present must have 
come from diffusion from the blood stream. Certainly, a much 
larger quantity than 30% of the gas found in the closed loops is 
formed by food decomposition, but through rapid absorption and 
nitrogen displacement it disappeared quite readily. The results of 
previous studies in this Department support these findings.’ 

Additional analyses are being made on clinical cases, and experi- 
mental large bowel obstruction, which will be reported at some 
subsequent time. 

Summary. The average percentage composition of the dif- 
ferent gases is as follows: (a) Nitrogen 70%; (b) carbon 
dioxide, 6-12%, approached that found in blood gases; (c) oxygen, 
10-12%, with a decided drop after the 72 hour period; (d) com- 
bustible gases (methane and hydrogen), a very low percentage in 
only a few experiments; (e) hydrogen sulphide, 1-14%, with a 
marked increase after death; (f) volatile basic group (ammonia, 
methyl amine, etc.) 0.5-4.0%, with an increase with longer dura- 
tion of the obstruction. 

In a quantitative determination of the origin of gases occurring 
in small bowel obstruction, about 68% of the gas was estimated to 
have arisen from swallowed air. The amount formed within the 
body was 32%, of this about 70% originated from diffusion from 
the blood into the bowel lumen, and the remaining ee arose from 
decomposition of food material. 


5 Scott, H. G., Dvorak, H. J., Borman, C. N., and Wangensteen, O. H., Proc. 
Soc. Exp. Biot. anD Mep., 1931, 28, 902. 
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Sexual Differences in Fasting Blood Sugar. 


ESTHER M. GREISHEIMER. 


From the University of Minnesota. 


Investigators have disagreed as to the changes in blood sugar 
during fasting; those who have reported a decrease have failed to 
note a sexual difference. Allen believed that the blood sugar. is 
maintained at 100 mg.% through prolonged starvation, almost up 
to death. Joslin’ found the blood sugar decreased from 120 to 90 
mg.% during 4 days, in which a healthy woman fasted, save for 
small quantities of weak bouillon. 

Weeks and his co-workers’ observed 64 epileptics, who fasted 
3 weeks. Sugar determinations were made only once a week; the 
sugar was reported as being maintained at an approximately even 
level. Acidosis was present, but not severe. Shaw and Moriarty* 
observed epileptic children during 10 to 14 day fasts. They found 
a steady diminution in blood sugar, with the minimum (46 mg.% ) 
between 3 and 8 days, after which the sugar increased. They con- 
sidered the diminution in blood sugar peculiar to childhood, since 
it was supposed that the blood sugar is not much diminished in 
adults during fasting. 

Lennox and his co-workers’ observed 16 men and 8 women dur- 
ing 3 to 21 day fasts. They noted that the blood sugar fell during 
the first week of fasting. Their minimum was 65 mg.%. Shope® 
studied one woman who fasted 6 days. He found that the 
blood sugar decreased to a minimum of 37 mg.%. As the fast 
continued, a secondary rise in blood sugar occurred. Deuel and 
Gulick* observed 5 men and 5 women during 7 day fasts. The 
women subjects showed ketosis before the men. It developed more 
rapidly and became more severe, as shown by both the urine analyses 
and the carbon dioxide combining power of the plasma. No blood 
sugar studies were made. 


2 Joslin, E. P., Carnegie Inst. of Wash. Pub., No. 323, 1923, 137. 

8 Weeks, D. F., Renner, D. S., Allen, F. M., and Wishart, M. B., J. Metab. 
Res., 1923, 8, 317. 

4 Shaw, E. B., and Moriarty, M., Am. J. Dis. Cnild., 1924, 28, 553. 

5 Lennox, W. G., O’Connor, M., and Bellinger, M., Arch. Int. Med., 1926, 38, 
553. 

6 Shope, R. E., J. Biol. Chem., 1927, 75, 101. 

7 Deuel, H. J., Jr., and Gulick, M., J. Biol. Chem., 1932, 96, 25. 
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In spite of contradictory findings, several text-books hold to the 
view that there is no marked decrease in blood sugar during fasting. 
Macleod* states that early in starvation the blood sugar becomes 
much lower than normal, aiter which it remains steady, but in the 
same text*®, he contradicts this, and states that in complete starva- 
tion the blood sugar does not fall very much below the normal level. 
Starling® states that even during prolonged starvation the blood sugar 
does not fall notably below the amount present after a fast of only 
a few hours. Howell*® states that even in prolonged starvation the 
sugar contents of the blood are kept at a normal level. 

In view of the differences of opinion, it seemed desirable to make 
additional studies. The decrease in blood sugar during fasts of 60 
hours has been determined in a group of 54 adults (28 women and 
26 men), who were either students or instructors. Water, black 
coffee, and clear tea were allowed. Each subject did his usual work 
during the fast. 

The blood was drawn by venepuncture after 12, 36, and 60 hours 
of fasting. The sugar was determined (in duplicate) by the 
Shaffer-Somogyi method. The following values were found; they 
are expressed as milligrams percent: 


hr. 28 women 26 men 
12 Min. 71 73 

Max. 95 95 

Aver. 830.70 850.45 
36 Min. 56 64 

Max. 79 89 

Aver. 690.84 780.79 
60 Min. 48 59 

Max. 80 92 

Aver. 621.05 670.82 


The following differences between the sexes were found; the men 
had the higher values in every case. 
12 hours 36 hours 60 hours 
1.50.83 8.91.15 5.31.33 
The total fall for women was 25.6%; of this, 67% occurred be- 
tween 12 and 36 hours. The total fall for men was 20.6%; of this, 
39.1% occurred between 12 and 36 hours. It is evident that the 
fall is more rapid in women during the early stages of the fast. It 
may be that women have less glycogen stored in the liver than men. 
8 Macleod, J. J. R., Physiology and Biochemistry in Modern Medicine, 1926, 
5th ed., (a) 792; (b) 875. 
$ Starling, E. H., Human Physiology, 1933, 6th ed., 666. 
10 Howell, W., Text-book of Physiology, 1933, 12th ed., 983. 
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It has been found that female rats have lower fasting liver glycogen 
values than male rats”. 

Qualitative tests for acetonuria were done at 36 and 60 hours. 
Twelve of the women showed acetonuria at the end of 36 hours, 
and 27 at the end of 60 hours. Six men showed acetonuria at the 
end of 36 hours, and all showed it at the end of 60 hours. These 
results agree with those of Deuel’. 

The average weight loss for women was 5.1 pounds; for men, 
6.4 pounds. The range of weight loss for women was 3 to 10 
pounds; for men it was 37% to 1244 pounds. The women lost 1.8% 
of the body weight between 12 and 36 hours; the total loss was 
3.8% of the body weight. The men lost 1.9% between 12 and 36 
hours; the total loss was 3.6%. 

In view of Haggard’s findings’, the subjects were asked not to 
smoke during the half hour preceding the taking of the blood each 
morning. Among the women fasters, there were 14 smokers and 
14 non-smokers. Among the men there were 20 smokers and 6 
non-smokers. The differences between the smokers and non-smokers 
were not consistent. The women smokers have lower values than 
the non-smokers; the differences were 7. mg. % at the end of 12 
hours, 4. at 36 hours, and 9. at 60 hours. The men smokers had 3. 
mg.% more sugar than the non-smokers at 12 hours; at 36 hours 
the non-smokers were 3 mg.% above the smokers; at 60 hours the 
non-smokers were less than 1 mg. higher than the smokers. Smok- 
ing during the days of fasting, except during the half-hour preced- 
ing the venepuncture each day, has no consistent effect on blood 
sugar. 

"11 Greisheimer, E. M., J. Nutrition, 1931, 4, 411. 
12 Haggard, H. W., and Greenberg, L. A., Science, 1934, 79, 165. 
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Comparison of Jenner-Kay and Bodansky Methods for Determining 
Phosphatase in Plasma and Serum.* 


L. S. PALMER anv J. W. NELSON. 


From the Division of Agricultural Biochemistry, University of Minnesota, Uni- 
versity Farm, St. Paul. 


Since the autumn of 1932 we have made phosphatase determina- 
tions in several hundred samples of plasma from cows’ blood by the 
clinical method of Jenner and Kay*. This method as well as that 
of Kay’, of which it is a modification, has been criticized by Bodan- 
sky* *, because of unnecessarily large experimental errors; the 
method developed by Bodansky* * is more rapid and is believed by 
him to eliminate the errors inherent in the Kay and Jenner-Kay 
technics. 

Before we began to employ the Jenner-Kay method in the routine 
analysis of bovine plasma we had satisfied ourselves that sufficiently 
uniform results could be secured when it was applied to the type 
of plasma samples employed by us for other plasma analyses, 
namely, total calcium and inorganic phosphorus. These samples are 
a composite of equal parts of plasma centrifuged at once from 
citrated blood obtained on 3 successive days. Preliminary data ob- 
tained by the Jenner-Kay method from normal heifers whose plasma 
showed widely different levels of phosphatase showed for example 
that samples containing 31.46, 36.16 and 36.92 units per 100 cc. on 
successive days showed 34.70 units in the 3-day composite against 
a calculated value of 34.85 units. The same composite sample 
analyzed 38.72 units phosphatase after 6 days’ storage. Another 
animal with plasma phosphate values of 16.50, 16.28 and 16.76 
units per 100 cc. on successive days showed 16.70 units for the 
composite against 16.51 units calculated from the individual sam- 
ples. A third animal with plasma phosphatase of 6.18, 6.98 and 6.96 
units per 100 cc. on successive days showed 7.84 units in the com- 
posite against a calculated value of 6.71. These data, which were 
subsequently verified by a very large amount of data which will not 

*Published with the approval of the Director as Paper 1258 Journal Series, 
Minnesota Agricultural Experiment Station. 

1 Jenner, H. D., and Kay, H. D., Brit. J. Exp. Path., 1932, 13, 22. 

2 Kay, H. D., J. Biol. Chem., 1930, 89, 235. 


3 Bodansky, A., Proc. Soc. Exp. Biot. AND Mezp., 1931, 7, 760. 
4 Bodansky, A., J. Biol. Chem., 1933, 101, 93. 
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be reported at this time, suggest that the phosphatase content of the 
blood plasma in dairy cattle is to a considerable extent an individual 
characteristic. Furthermore, it seemed apparent that the Jenner- 
Kay technic is applicable to the determination of plasma phospha- 
tase in composite samples within reasonable limits of accuracy. The 
results also suggest that greater errors may be expected when the 
phosphatase content is low and that some inaccuracy may result if 
the composite sample is not analyzed promptly. 

After the publication by Bodansky* of his study of errors in- 
volved in a phosphatase estimation we became interested in a com- 
parison of his and the Jenner-Kay technic to samples of plasma and 
particularly to definitely proportional mixtures of plasma samples 
having widely different concentrations of phosphatase. The latter 
type of study has long been regarded as a satisfactory test of the 
reliability of an analytical procedure. 

In a first comparison of the methods plasma from citrated and 
oxalated blood as well as the serum from 2 normal heifers, one with 
high and the other with low blood phosphatase content, as shown 
by previous analyses were analyzed simultaneously by the Jenner- 
Kay and Bodansky technics when freshly drawn and after 2 and 
4 days. Bodansky* prefers serum to oxalated plasma, but has not 
reported data on citrated plasma which we have employed through- 
out; Kay” and Jenner-Kay* use oxalated plasma. For a number of 
years we have used the Fiske-Subbarow® method for inorganic 
phosphate and therefore employed it for the Jenner-Kay phospha- 
tase determination. We found that the Fiske-Subbarow reagents 
give a precipitate with the Bodansky phosphatase substrate, making 
it necessary to employ the Kuttner-Cohen® method for inorganic 
phosphate with the Bodansky phosphatase method, which Bodansky 
recommends. Therefore the comparison of the methods for phos- 
phatase likewise included a comparison of the results of phosphate 
by the Fiske-Subbarow and Kuttner-Cohen methods. All analyses 
were made in triplicate. Incubation was for 3 hours at 38° in the 
Jenner-Kay method and for one hour at 37°C. in the Bodansky 
method. Preserved samples were kept in the refrigerator. 

It was found that the initial inorganic phosphate in the samples 
as determined by the Kuttner-Cohen method showed greater irreg- 
ularity than by the Fiske-Subbarow method when the fresh, 2-day 
and 4-day old samples were compared. The average variations 
were 0.56 mg. % in the former and 0.26 mg. % in the latter. This 


5 Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 1925, 66, 375. 
6 Kuttner, T., and Cohen, H. R., J. Biol. Chem., 1927, 75, 517. 
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may have been due in part to a lack of previous experience with the 
former method. Oxalated blood plasma sometimes showed higher 
inorganic phosphorus than citrated plasma by both methods, 
amounting on the average to 1.25 mg. %. No explanation suggests 
itself for this inasmuch as the samples represented the same bleed- 
ing. Regarding the enzyme units there was no greater uniformity 
among comparable samples from the same animal by the Bodansky 
method than by the Jenner-Kay method. Some uniformity was 
found in the ratio of the results by the two methods for the same 
animal but the ratio was clearly different for different animals, the 
J.K. units ranging from 1.8 to 3.3 times the Bodansky units in the 
cases studied. An increase in phosphatase activity was not noted 
in preserved samples. 

For the chief method selected for a comparison of the 2 phos- 
phatase procedures 4 pairs of animals were chosen having in 3 
instances widely different blood phosphatase concentration and in 
the fourth instance nearly the same phosphatase concentration. The 
individual samples of each pair were analyzed and also mixtures of 
these pairs in ratios of 1:2 and 2:1. All analyses were made on 
freshly prepared citrated plasma. The Fiske-Subbarow method for 
inorganic phosphate was used for the Jenner-Kay procedure and the 

TABLE I. 


Comparison of Jenner-Kay and Bodansky Phosphatase Units in Mixtures of 
Plasma of Determined Phosphatase Content. 


Phosphatase units Phosphatase units Ratio 
per 100 ce. per 100 ce. J-K 

Jenner-Kay Bodansky B 
Date Sample Found Calculated Found Calculated units 
11-6-33 E150 49.25 23.76 2.07 
2E150:1E78 36.25 33.78 16.05 16.20 2.26 
1E150 :2E78 17.24 18.30 8.98 8.64 1.92 
E78 2.83 1.07 2.65 
1-18-34 E150 48.00 24.53 1.96 
2E150:15878 28.39 32.92 17.40 16.65 1.63 
1E150 :2E78 19.75 17.83 10.22 8.77 1.93 
E78 2.75 0.89 3.09 
1-22-34 #193 13.81 7.03 1.96 
2E193:1H191 15.48 15.04 8.19 8.01 1.89 
1E193 :2E191 16.38 16.25 9.00 8.98 1.82 
E191 17.48 9.96 1.75 
1-24-34 E150 40.59 27.20 1.49 
2#150:1E151 28.83 27.93 17.56 18.60 1.64 
1E151:2E150 15.92 15.35 10.00 10.01 1.59 
#151 2.72 1.41 1.93 
1-26-34 E184 12.70 5.62 2.26 
2E184:1E183 8.91 9.01 3.87 3.81 2.30 
1E184:2E183 5.24 5.30 2.16 2.00 2.43 


E183 1.64 0.40 4.10 
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Kuttner-Cohen method for this analysis in the Bodansky procedure. 
The incubation procedures were according to directions. All analy- 
ses were made in triplicate. 

Table I shows the results of these comparisons, the inorganic 
phosphate determinations being omitted for lack of space. It was 
evident, however, that the inorganic phosphate was estimated with 
essentially equal accuracy by the 2 methods, as judged by a com- 
parison of the calculated values with those determined in the various 
mixtures of plasma; the mean percentage error was 0.75% for the 
Fiske-Subbarow method and 1.23% for the Kuttner-Cohen method. 
The results of this study also fail to show any superiority of the 
Bodansky method over the Jenner-Kay method for plasma phos- 
phatase so far as accuracy of calculated vs. determined values is 
concerned. The range of errors for the Bodansky method was 
from 0.10 to 16.53% with a mean error of 4.36%, while the range 
of errors for the Jenner-Kay method was 0.80 to 13.76%, with a 
mean of 5.04%. ‘The choice of method seems to be one of personal 
preference rather than significantly greater accuracy when applied 
in routine analysis. When only a few samples are to be analyzed 
the shorter incubation period of the Bodansky method is an advan- 
tage. Fora larger series the longer incubation period of the Jenner- 
Kay method is definitely advantageous in routine work. Inasmuch 
as both methods are empirical and, in our judgment, equally accu- 
rate, it is unfortunate that there does not seem to be a more uniform 
ratio between the units arrived at by the methods. While the ratio 
of Jenner-Kay to Bodansky units is roughly 2:1 in our series, the 
range for individual samples is from 1.49:1 to 4.10:1. 
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Fading of Methylene Blue-Acetone Solutions by Ultra-Violet Light. 
WILHELM STENSTROM anp CARL E. NURNBERGER. 


From the Laboratory of Biophysics, University Hospital, Minneapolis, Minn, 


Recently Nurnberger and Arnow’ found that solutions of methy- 
lene blue in water irradiated under a mercury-arc therapy lamp had 
their absorption spectra changed quantitatively when the rays from 
the lamp were filtered through quartz. If, however, the rays shorter 
than 270 millimicrons were absorbed by a suitable filter, then prac- 


1 Nurnberger, Carl E., and Arnow, L. Earle, J. Phys. Chem., 1934, 38, 71. 
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tically no change in the absorption spectrum, either in the visible or 
ultra-violet, occurred for exposures 2 hours in length. It was, there- 
fore, concluded that the fading of methylene blue in water is not a 
satisfactory indication of ultra-violet ray intensity in general. 

Leonard Hill’ and Webster, Hill and Eidinow* used the fading 
of methylene blue in acetone solutions when exposed to ultra-violet 
light to measure the intensity of the “physiologically active” part of 
the spectrum of sun light. Hill found his solutions to be most sen- 
sitive to wave lengths shorter than 320 mz. In this respect, methy- 
lene blue in acetone and methylene blue in water behave alike, though 
it seemed indicated that the sensitivity of the former solution ex- 
tended to longer rays. 

Accurate intensity measurements require knowledge about the 
response of the indicator to the different wave lengths of the light 
used. The usual and essential procedure in the use of bolometers, 
thermopiles, photoelectric cells and other instruments used to meas- 
ure intensity of radiation is-to determine beforehand their sensi- 
tivity to different spectral regions. The same care, however, is not 
commonly observed when colored solutions are used, and therefore, 
the results are only approximate and are unsatisfactory for ultra- 
violet therapy. Colored solution indicators with known spectral 
sensitivity have, however, some advantages over the instruments 
mentioned. Particularly, the simplicity of the experimental appara- 
tus gives to the method a more extensive usage than can be had with 
more costly equipment. 

A convenient method for the determination of the color fading 
results from the characteristic absorption of visible rays. Methy- 
lene blue in aquecus solutions has absorption bands with a maxi- 
mum at 670 mz.* A measure of the amount of light absorbed at 
this peak can be used to calculate the quantity of methylene blue 
changed by the ultra-violet irradiation. These measurements are 
commonly made by means of a spectrometer in combination with 
some type of photometer. We used a Bausch and Lomb constant- 
diviation spectrometer and a polarization photometer of the Konig- 
Martin type. 

The irradiated solutions were made from a 0.1 mg. per cc. stand- 
ard solution of Merck’s medicinal methylene blue in distilled water. 
Solutions of 3 different concentrations were used. Two of them 
consisted of 5.8 cc. and 58.0 cc. respectively, of the standard plus 

2 Hill, Leonard, Strahlentherapie, 1929, 34, 117. 

3 Webster, A., Hill, Leonard, and Eidinow, A., Lancet, 1924, 206, 745. 

4 Stenstrom, W., and Lohmann, A., Radiology, 1931, 16, 322. 
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30 ce. of acetone added to distilled water to make 100 cc. of solu- 
tion. The third consisted of 5.8 cc. of the standard added to distilled 
water to make 100 cc. of solution. The solution which contained 
58.0 cc. of the standard had nearly the same concentration of methy- 
lene blue and of acetone as Hill’s solutions (loc. cit.). The solutions 
were kept in the dark all of the time except when samples for irra- 
diation were taken. 

The chamber used to hold the solutions during irradiation was a 
¢ cylindrical quartz vessel, 1.3 cm. high and 4 cm. outside diameter. 
E The plane parallel ends were 2 mm. thick. The solutions were ex- 
a posed from one of these ends. The liquid was poured in through a 
1 small quartz tube sealed to one side. The quartz chamber was im- 
Be mersed in a water bath to keep the solution temperature approxi- 

mately constant. The water in the bath just reached the top face 
of the cell. A short rubber capsule was fitted tightly over the 
open end of the side tube to prevent evaporization and to keep the 
bath water from entering the chamber. 

The solutions were irradiated with different parts of the spectrum 
of a mercury arc therapy lamp, which operated on 65 volts and 4 
amperes d. c. Various glass filters were placed directly over the 


aN quartz chamber. The transmission of the filters: quartz, blue-purple 
x Corex “A”, clear Corex,* clear Corex “D” and window glass was 
measured by means of a quartz spectrograph and a recording 
TABLE I. 

= % of Methylene Blue Faded by Rays from Different Parts of the Ultra-violet 

y Spectrum. 

‘ .0058 mg. per cc. in water and 30% acetone. 

s) Solution Distance Min. Filters plus 10% or less % 

' ¥ Temp. Inch. Exposure 2mm. of quartz Transmission Faded 

mm. my 

- 26.6 C° 12 19 0 230 69.9 

ie 26.9 12 19 5 Blue-purple Corex ‘‘A’’ 258 28.2 

_ 27.2 12 21 6 Clear Corex 265 14.0 
26.8 12 19 Benaleae 72) FOTY 290 12 
27.0 12 19 2 window glass 321 0.0 

‘: .0058 mg. per cc. in water 
27.5 12 165 0 230 51.4 
27.8 12 165 5 Blue-purple Corex ‘‘A’’ 258 5.8 
28.0 A2 165 6 Clear Corex 265 0.0 
29.2 12 165 20 Oy in Ae Bs 290 0.0 
29.0 12 165 2 window glass 321 0.0 
.058 mg. per cc. in water and 30% acetone. 

28.5 12 160 0 230 92.9 
29.0 12 387 5 Blue-purple Corex ‘‘A’’ 258 90.0 
29.0 12 722 6 Clear Corex 265 93.6 


* This piece of clear Corex was obtained from the Department of Physiological 
Chemistry, University of Minnesota. Its exact classification is not known, but it 
is probably an old piece of clear Corex ‘‘A.’’ 
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micro-photometer. Their transmission thus obtained is in good 
agreement with the values commonly recited in the literature. 

The results of a group of experiments are recorded in Table I. In 
column 5 are listed the maximum wavelengths of the ultra-violet 
spectrum which are transmitted by the filters by no more than 10%. 
For example, the combination, quartz and window glass, will trans- 
mit no more than 10% of the radiant energy of wavelengths shorter 
than 321 mz. Two points of interest are demonstrated by the tab- 
ular values. First, the per cent of methylene blue in acetone changed, 
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as determined by its absorption of visible light decreases rapidly 
when waves shorter than 290 mp are absorbed by the filters. Second’ 
the presence of acetone increases the effectiveness of wavelengths be- 
tween 250 and 300 mp to change the methylene blue. This appar- 
ent increase of sensitiveness of methylene blue to these rays when 
in the presence of acetone may be expected from an analysis of the 
absorption spectrum of the substances. Their absorption of ultra- 
violet light is shown in Fig. 1.+ The pronounced absorption of 
acetone with a maximum at 267 mp may result in the transfer of 
the absorbed energy from the acetone molecules to those of 
methylene blue, and in this manner increase the fading of the solu- 
tion. The absorption of methylene blue around 290 mp does not 
seem to contribute to the fading. It has been suggested by other in- 
vestigators that acetone is decomposed into acetic and formic acids 
and that these acids produce the color change. This assumption, 
however, is not supported by the results of the following experi- 
ments: First acetic and formic acids were added to aqueous methy- 
lene blue and fading occurred promptly. Then acetone was irradiated 
under the conditions described previously and added to aqueous 
methylene blue. No more fading occurred than was expected by dilu- 
tion alone. Therefore, it would seem that both acetone and methy- 
lene blue have to be present in the same solution at the time of irra- 
diation in order to produce significant increases in the color change. 
It is of interest to note here that when a sample of .0058 mg. per cc. 
of methylene blue in 30% acetone was irradiated with X-rays prac- 
tically no color change occurred. Irradiation of the same concen- 
tration in water without acetone under the same exposure conditions 
resulted in an almost colorless solution. 

Ultra-violet rays longer than 290 mp have an almost negligible 
effect as compared to rays shorter than 260 mp. The “physiolog- 
ically active’ rays, usually designated as the region between 310 
and 290 mp, therefore, have an insignificant part in the fading of 
methylene blue by the light from a mercury arc lamp. Thus, a 
scale of skin erythemas in terms of units of color change of the 
solution would be subject to wide fluctuations. Since there is a 
skin erythemal effectiveness of wavelengths shorter than 270 mp,” ° 
any regular relationship between erythemal production and methy- 
lene blue fading is more likely to occur in the shorter wavelength 


+ The acetone curve agrees qualitatively with that of Victor Henri. 

5 Hausser, K. W., Strahlentherapie, 1928, 28, 25. 

6 Luekiesh, M., Holladay, L. L., and Taylor, A. H., J. Opt. Soc. Am., 1930, 
20, 423. 


1078 TeeapiaTion or Mernyiene Bive 


regio. It might be possible to establish some kind of scale between 
wiible <kin reactions and solution color changes by use of a filter ~ 

In the course of the work it was noted that solutions of methy- 
lene bine im acetone were not only faded by ultra-violet light bat 
also were subjected to a color change from bine to green to a pale 


yellow. This series of colors became more apparent as the muftal 
comcentration of methylene bine was increased. The color change 
reversed when the solutions were removed from the ultra-violet 
light. li the green color predominated at the end of an exposure 


Summary. 1. The quantity of methylene blue in acetone solu 
tions faded by ultra-violet from a mercury arc lamp decreases when 
the shorter wavelengths are absorbed by filters. 2. Addition of 
aectome to aqueous methylene blue solutions imcreases the effective 
ness of the rays up to 300 me. 3. An aqueous solution of methylene 
blue and 30% acetone is not suitable'for measurements of physiolog= 
ically active ultra-violet radiation from am arc unless a suitable 
filter is used which reduces the intensity below 280 mz. 4. Methy- 
lene blue acetone solutions undergo a color change from blue to 
moved from the irradiation beam. 
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Compounds. 


K_ LANDSTEINER «xp JOHN JACOBS 
Prom the BockejAler Institute for Medical Bescarch, New York. 


a The following observations may be recorded as an addendum to 
the note* in a past issue of this journal. Further experiments were 
carried out with dinitrochlorbenzene* (CI-NO.-NO. = 1-2-4) 
which is known to be a frequent cause of trade eczema* The reac- 
tions observed with this compound were rather stronger than those 
with nitroso-dimethylaniline. For instance, in one experiment le- 


anec Pinjections on the back of 1/400 mz.} each, 2a 
, a gested with the care canmemration ty 0 
___tracutaneous injection on the side, one week after the last injection, 
‘i and read on the following day.t Reactions were noticed during 


tion appeared in practically all the guinea pigs injected, and the 
strongest reactions showed necrotic centers. In a second experi- 
ment the effects were weaker than in the above, although definite. 
when tested one week after the fourteenth injection. Another batch 
ving | ) daily injections and tested a week later exhibited strong 
Hons wit ea 2nd wakes reactions im the 


ial Poisoms in the United States, Macmillan, 1925, p. 500. 
ely desiguaied 2s 1:2:4 dimitrochlorb=uzenc. 
es ee es a 


ye also observed on geatly rubbing 2 drop of 2 1% 
> in olive oil om the skin 
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In cross tests with the 2 substances named a sharp specificity was 
evident since guinea pigs treated with dinitrochlorbenzene gave no 
distinct reaction to nitroso-dimethylaniline, and vice versa, as exem- 
plified in Table I. 


TABLE I. 

Guinea pigs sensitized to dinitrochlorbenzene or p-nitroso-dimethylaniline, and 
tested with 1/400 mg. of the former and 1/50 mg. of the latter by intra- 
cutaneous injection of 0.1 ec. of solutions of the substances in 1% saline.§ 
The figures give the diameters in millimeters. 


Treated with: Tested with: 
Dinitrochlorbenzene Nitroso-dimethylaniline 

Dinitro 1 10.5, pale pink, elevated, almost negative 

chlor- livid center 3 

benzene 2 11, pink, elevated, slight- 3.5, pale pink, elevated 
ly livid center 

Nitroso- 3 almost negative 8.5, pale pink, slightly 

dimethyl- elevated 

aniline 4 “fg fe 11, pink, elevated 


The animals treated with p-nitroso-dimethylaniline did not give 
definite reactions with dimethylaniline, nitrosobenzene, or p-nitroso- 
phenol, nor did the animals treated with dinitrochlorbenzene react 
to 2:4 dinitrophenol, o- or p-nitrochlorbenzene, m-dinitrobenzene, or 
picric acid. 

Preliminary experiments with 2:4 dinitrophenol, which has been 
reported to produce hypersensitiveness in human beings,* gave sug- 
gestive but not quite conclusive results. 
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Transplantation of Taste Organs in Adult Triturus Viridescens. 


B. MINTZ anp L. S. STONE. 
From the Department of Anatomy, Yale University School of Medicine. 


A study of the development of taste organs in the living condi- 
tion in embryos and larvae of Amblystoma punctatum has shown 
a considerable degree of independence of the organs with respect to 
their normal (gustatory) nerve fibers. In the present studies an 
attempt was made to examine the relationship between the taste or- 


§ An alcoholic solution of dinitrochlorbenzene was diluted with saline. 

3 Frumess, G. M., J. Am. Med. Assn., 1934, 102, 1219; Anderson, H. H., Reed, 
A. C., and Emerson, G. A., J. Am. Med. Assn., 1933, 101, 1053. 

1 Stone, L. S., Proc. Soc. Exp. Bion. anpD Mzp., 1933, 80, 1256. 
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gans and their gustatory fibers in the adult salamander. Because of 
the peculiar advantage of an aquatic host in which tongue grafts 
would be bathed constantly in a fluid environment, the common 
Triturus viridescens was used. 

A small segment from the tip of the tongue was transplanted 
either to the side of the body or to the tail fin or into the orbit in 
place of the excised eye. One hundred and eight operations were 
made and with the exception of 2 cases all were autoplastic grafts. 
The operation was performed on chloretonized animals by means 
of fine iridectomy scissors and forceps manipulated under a com- 
pound dissecting microscope. Following the operation the animals 
remained quiet in moist chambers for 24 hours. They were then 
placed in water in individual glass aquaria and kept at room tem- 
perature. 

The orbit with eyelids excised was found to be the most favor- 
able site for the graft, for, in other places skin epithelium and body 
movements tended to interfere with early “takes”. In 21 cases 
the graft was shed early or was later sloughed or completely re- 
sorbed. In the majority of transplants the circulation returned 
from 4 to 6 days after operation. This indicates how early the 
grafts are successfully healed in the new environment. 

Edema of tissue underlying the epithelium of the graft mechan- 
ically distorted and flattened the epithelium and taste organs as early 
as the second day after operation. The edema then spread to the 
epithelium and some necrosis of cells took place. Leucocytes and 
macrophages made slight invasions as soon as circulation was rees- 
tablished. From the second to the twelfth day there was a progres- 
Sive increase in mitotic activity in the epithelium. By the sixteenth 
and seventeenth days the taste organs had regained their normal ap- 
pearance. In the few specimens killed from 18 to 28 days no sense 
organs could be identified. Whether these were exceptions or indi- 
cations of a significant period in the change of organs following such 
an operation will not be clear until a larger number of animals are 
sacrificed during this time interval. Organ cells might have been 
present with no morphological characteristics to distinguish them 
from the surrounding epithelium. To us this seems more tenable 
than the possibility that all organ cells had completely degenerated, 
for grafts with similar histories in the living condition showed 
taste organs from 28 to 186 days after operation. 

The results of these experiments show clearly that the taste organs 
can exist apart from the gustatory nerve fibers for at least as long 
as 6 months in the adult salamander. No special nerve stains have 
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as yet been used. It is therefore not known whether or not other 
nerve fibers in the new environment have exerted any influence upon 
the taste organs. 

No direct evidence was obtained of the formation of new organs 
by budding such as already found in grafted tongues of larvae.’ 
The tongue epithelium of the adult is too thick and the taste organs 
are too deeply imbedded to allow a satisfactory study of the living 
graft under the high powers of the microscope. However, during 
and after the proliferative stage of the epithelium mitotic figures 
were found in some organs. The size of the graft did not in- 
crease with the advance of age. As a matter of fact there was 
some decrease. Nevertheless, the older grafts showed many more 
organs than those at the time of operation or shortly after. This 
may indicate that taste organs increase in numbers in adult tongues 
by a budding process such as is found in larvae. 
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Grafted Eyes of Adult Triturus Viridescens with Special Reference 
to Repeated Return of Vision. 


L. S. STONE, I. S. ZAUR, anp T. E. FARTHING. 
From the Department of Anatomy, Yale University School of Medicine. 


The present experiments are part of a series of investigations which 
have already been reported’ * ** on grafted larval and adult am- 
phibian eyes. Over 600 grafts of functional eyes have been studied 
in various types of operations. All eyes while living have been 
observed daily and the findings have been correlated with closely 
staged histological preparations. 

This report is based on the observations of 140 reimplanted and: 
transplanted eyes in the adult Triturus viridescens. In all cases the 
eye has been placed in the orbit, 7. e., in its normal environment. In 
some cases the eyes have been regrafted as many as 2 and 3 times 
involving reimplantation and transplantation in different orders of 
sequence. 

Following operation some reduction in the size of the eye takes 


1 Stone, L. S., and Ussher, N.T., Proc. Soc. Exp. Bron. AND Mep., 1927, 25, 213. 
2 Beers, D. N., Proc. Soc. Exp. Bron. AND Mep., 1929, 26, 477. 

3 Stone, L. 8., J. Exp. Zool., 1930, 55, 193. 

4 Stone, L. S., and Cole, C. H., Proc. Soc. Exp. Bron. AND Mep., 1931, 29. 176. 
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place as in the case of larval eyes. The latter recover their original 
size after the return of circulation and soon become equal to that of 
the normal control. - In adult eyes the reduction in size is maximally 
attained at a time (20-25 days) when the degeneration of the retina 
has reached its height. In most cases there is no complete recoy- 
ery in the size of the eye although in other respects it may appear 
normal except for slight histological changes. 

Observed return of circulation in the superficial vessels of the 
iris usually occurred within the first week after operation, the 
earliest being on the fifth day. However, temporary opacities of 
the cornea in some cases prevents the observation of the earliest 
movement of blood cells within the vessels. 

Slight or even considerable opacity of the cornea took place in 
about half of the cases. Except in a few sloughed eyes this condi- 
tion was transient and usually disappeared ina few days. Histolog- 
ical examination showed edema and thickening of the cornea. The 
changes were largely in the substantia propria which by hyper- 
trophy brought about a permanently thicker cornea. 

The lens undergoes degeneration very rapidly but before this is 
completed a new lens regenerates from the pupillary margin of the 
iris. This is as early as the nineteenth day after operation. The 
new lens appears structurally normal in less than 4 weeks after oper- 
ation but for at least 4 or 5 months the lens never attains the size 
of that of the normal. 

There is no measurable pupillary response to light and darkness 
in the adult eyes of this species such as there is in Amblystoma. 
However, following operation there is an early rapid reduction in 
the size of the pupil in all cases. The maximum reduction is at- 
tained during the period of degeneration seen in the retina. During 
the regeneration stages, beginning about the third to fourth week, 
the pupil begins to widen but never in 4 or 5 months attains the 
diameter equal to the original. The pupil may even in some cases 
fluxuate in size before it reaches a point of stability. 

A marked degeneration of the retina takes place by the second 
day after operation and progresses until, by about the end of the 
third week, it is destroyed with the exception of the ciliary margin. 
From this margin regeneration extends as a single layer of cells, 
and, by rapid proliferation various layers of a new retina begin to 
appear as early as the thirty-fifth day after operation. 

The degeneration of the optic nerve follows about as rapidly as 
the retina. Its complete regeneration coincides with the differentia- 
tion of the new retina. A complete connection with the brain is 
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made before the end of the second month and by the third month 
return of vision is clearly demonstrated. 

A selection of 35 eyes was made for the tests of visual function 
and in every case proof of return of vision was obtained between the 
second and third month after operation. The technique has been 
reported in the literature cited. One case will give an idea of the 
results after grafting the eye 3 times (reimplant, reimplant, trans- 
plant, respectively). The first return of vision was on the eighty- 
seventh day; the second return of vision was on the seventy-ninth 
day; the third return of vision was on the sixty-first day. How 
many times this perfect eye could have been grafted so successfully 
is problematical. 

Repeated grafts showed that the eye went through the same 
changes each time as in the first operation. There was only one 
striking change and that was a gradual permanent reduction of the 
ganglion cell layer, about 40% reduction. We hope to use this 
method in testing how far the reduction of ganglion cells can be 
obtained and still prove the presence of visual function. 
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Production and Metamorphosis of Chimeras in Anurans and 


Urodeles. 


L. 8. STONE. 


From the Department of Anatomy, Yale Unwersity School of Medicine. 


The perfect union of the anterior and posterior halves of the 
embryos of 2 species of anurans’ and the metamorphosis’ of such 
a combination into a perfect adult was shown to be possible by Har- 
rison 30 years ago. Up to the present day the opportunities which 
this operation makes possible have never been realized. The inten- 
tion of the present report is to demonstrate that such combinations 
can be produced in large enough numbers to enable the experimental 
embryologist and geneticist to carry out a variety of new studies. 

The frog embryos employed were Rana palustris and Rana syl- 
vatica. Those of the salamander used were Amblystoma tigrinum 
and Amblystoma punctatum. The stages at which the operation was 
done were in the early tail-bud period of development. 


1 Harrison, R. G., Arch. f. mikr. Anat. u. Ent., 1904, 68, 35. 
2 Harrison, R. G., Anat. Rec., 1908, 2, 385. 
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The species conbinations in their respective classes are, at the tail- 
bud stages, about the same in size. Similar stages in development 
were selected and placed in slightly diluted Ringer’s solution in an 
operating dish, the floor of which was covered by a thick film of 
white beeswax. The embryo was oriented under the microscope, 
dorsal side up, between fine forceps so that iridectomy scissors could, 
with one stroke, cut the embryo transversely at the level of the sev- 
enth to eighth somites. It is quite possible to cut at other levels as 
well in making successful combinations. 

The anterior half of one species and the posterior half of the 
other were then placed in a depression in the wax which was about 
the size of an intact embryo. The cut surfaces of the reciprocal halves 
were brought together in the concavity of the wax as soon after 
the operation as possible. 

When the incision is made with one stroke the lateral ecto- 
dermal surfaces come together and temporarily seal in the mid line. 
This prevents the immediate escape of the heavily laden yolk cells. 
The ectodermal edges then slowly separate and by the time the re- 
ciprocal halves are properly oriented the cut surfaces are closely op- 
posing one another. 

By means of the flat broken end of a fine glass rod finger-like 
spurs of wax can be produced to form a tight cage over the 2 halves 
of the embryos in the depression. This is done by pushing the end 
of the glass rod in the surface of the soft wax from the periphery 
of the depression toward the position occupied by the embryonic 
halves. Each finger-like spur of wax increases to the desired length 
as it is shoved nearer the desired spot. Furthermore the projections 
of wax curl in such a manner that they form flat bands which in- 
case the 2 embryonic halves. The spurs of wax are flexible enough 
so that each can be adjusted to the proper position as desired. 

With but little experience the operator can orient 6 wax bands, 2 
on either side and 1 at the anterior and posterior ends, respectively. 
These are sufficient to unite the embryonic halves, permitting heal- 
ing within 2 hours. 

The halves of the embryos were oriented with the dorsal surfaces 
uppermost so that one could be certain that the cut ends of the neural 
canals were perfectly apposed for proper healing. Some yolk laden 
cells ooze from the cut surfaces. This is more marked in the uro- 
deles than in the anurans. Very often the ventral surfaces are not 
entirely healed when the chimera is lifted from the wax depression. 
Therefore, great care must be exercised at this point, for a large 
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ventral wound may cause the early death of the embryo or later on 
lead to the formation of a permanent fistula. 

In one series of 16 anuran combinations, 12 reached late larval 
life and of these 8 metamorphosed into frogs. Each showed by the 
skin coloration the regions of the 2 species in combination. In an- 
other series of 15 combinations 7 are now in late larval life and one 
has metamorphosed. Four of these consist of 2 perfect reciprocal 
pairs. 

In one series of 9 pairs of urodele combinations 3 have meta- 
morphosed and one is approaching metamorphosis. In another 
series of 9 pairs, 3 are in mid-larval life. All of these are perfect 
specimens. Several were imperfectly united and lived to mid and 
late larval life when they were discarded. 

The head, thorax and forelimbs of the anterior half of the 
combination attained the normal size and appearance of the species 
it represented. It, however, exerted a marked influence over the 
posterior half of the combination. The normally smaller anterior 
half inhibited the growth of the normally larger posterior half. 
The normally larger anterior half reversed the conditions by in- 
creasing the size of the normally smaller posterior half. In other 
words, the anterior half was always species dominant in its effect. 
This was very striking in the late larval and early adult life. 
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Glucose Metabolism of the Trypanosoma Equiperdum in Vitro. 


L. REINER anp C. V. SMYTHE.* 


From the Bxperimental Research Laboratories, Burroughs Wellcome and Com- 
pany, Tuckahoe, N. Y. 


It has previously been found that trypanosomes can live either 
aerobically or anaerobically. The oxygen consumption has been 
measured and in some instances also compared with the glucose 
utilization.» ** * In the present paper a report is given of meas- 
urements of the glucose and oxygen consumed and the products 
formed aerobically and anaerobically. 

1 Yorke, W., and Nauss, R. W., Ann. Trop. Med., 1912, 5, 199. 

2 Fenyvessy, B. y., and Reiner, L., Z. Hyg., 1924, 102, 109; Biochem. Z., 1928, 
202, 75. 

3 Issekutz, B. v., Arch. Path. u. Pharmakol., 1933, 178, 479. 

4 Brand, T. H. v., Z. vergleich. Physiol., 1933, 19, 587. 
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The first set of experiments in which the oxygen consumed was 
compared with the total acid produced was carried out using 
the Barcroft-Warburg apparatus. The medium consisted as a 
rule of glucose dissolved either in Ringer solutions equilibrated 
with CO, or in isotonic phosphate buffer solutions, pH 7.4. It was 
found in experiments with phosphate buffer that the CO, produced 
is comparatively small. Hence, the CO, found liberated from bicar- 
bonate solutions was chiefly due to the production of a non-volatile 
acid. The ratio of the mols acid produced to the oxygen con- 
sumed was fairly constant in all experiments and averaged 
1.74 + 0.07. 

In another set of experiments the fixed acid produced was deter- 
mined by titration with NaOH and compared with the glucose 
utilized, as determined by the Hagedorn-Jensen method.® The 
ratio of the mols of acid produced to the mols of glucose consumed 
was again near to 2, viz., 1.80 + 0.22 in aerobic experiments and 
near to 1, wig., 0.87 + 0.11, in the anaerobic experiments. 

Lactic acid determinations by the Friedemann, Cotonio and Shaffer 
method® showed that only a negligible fraction of the non-volatile 
acid is lactic acid.* The fact that in aerobic experiments the ratio 
of mols acid produced to mols glucose consumed was near to 2 and 
that nearly 2 equivalents of acid were produced per mol oxygen 
consumed, suggested that 2 molecules of pyruvic acid or an isomer 
thereof, were produced by oxidation of one molecule of glucose. 
Indeed, the presence of pyruvic acid in the solutions was shown by 
the isolation of its phenylhydrazone. In more quantitative experi- 
ments 53-75% of the titratable acid was isolated and identified by 
mixed melting point as the phenylhydrazone of pyruvic acid. The 
acid produced under anaerobic conditions was again chiefly pyruvic 
acid. Fifty-two to 72% of the titratable acid was again recovered 
and identified as the phenylhydrazone of pyruvic acid. If one 
molecule of glucose is split to form one molecule of pyruvic acid, 
the empirical formula of the substance which remains is that of 
glycerol. This same empirical formula requires one molecule of 
oxygen for conversion to pyruvic acid. 

It has been reported that glycerol is able to “revive” trypano- 


5 Hagedorn, H. C., and Jensen, B. N., Biochem. Z., 1923, 135, 46. 

6 Friedemann, T. E., Cotonio, M., and Shaffer, P. A., J. Biol. Chem., 1927, 
73, 335. 

*Traces of lactic acid may be produced by glycolysis by red cells. The 
trypanosomes were obtained by fractional centrifugation from an infected rat’s 
blood, and as a rule a small number of red cells were present. 
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somes which have lost their motility because of lack of food.’ We 
found that this “revival” takes place only under aerobic conditions. 
Trypanosomes suspended in glycerol containing buffered salt solu- 
tion lose their motility in a very short time if kept anaerobically. 
Studies of the glycerol metabolism under aerobic conditions were 
made by the same methods as described above for glucose. The 
amount of total acid produced was, here, 1 mol per 1 mol of oxygen. 
No appreciable amounts of CO, were found. The presence of 
pyruvic acid was demonstrated by the action of yeast carboxylase 
and most of the titratable acid was recovered as the phenylhydrazone 
of pyruvic acid. 

It remained to be seen whether or not the non-acid substance 
produced by trypanosomes anaerobically from glucose actually is 
glycerol. Determinations of glycerol according to the method of 
Zeisel and Fanto® showed that, in emulsions of trypanosomes con- 
taining glucose and kept anaerobically, this substance was present in 
amounts approximately equal to the amount of acid found. The 
average result of 3 experiments was 0.87 + 0.11 mols acid and 
0.97 + 0.24 mols of glycerol per mol of glucose. 

Preliminary experiments indicate that the presence of serum does 
not alter the described course of glucose metabolism. The evidence 
presented here for the production of large amounts of non-volatile 
acid agree with the fact that a decrease of the alkaline reserve is one 
of the symptoms of the experimental Trypanosoma equiperdum 
infection of rats.° 

Summarizing, the following scheme is suggested for the main 


path of glucose utilization by trypanosomes in vitro: 
Glucose —> Glycerol + Pyruvie Acid 
Glycerol + O2 ————> Pyruvie Acid + 2 H,O 


7 Kudicke, R., and Evers, R., Z. Hyg., 1924, 101, 317. 

8 Described in Allen’s Commercial Organic Analysis, 5th ed., Vol. II, 666. 

9 Kligler, I. J., and Geiger, A., Proc. Soc. Exp. Bion. AND MEp., 1928, 26, 229; 
Kligler, I. J., Geiger, A., and Comaroff, R., Ann. Trop. Med., 1929, 28, 325; 
Scheff, G., Biochem. Z., 1928, 200, 307; Linton, R. W., J. Hap. Med., 1930, 52, 
103, 695. 


| 


1089 


7449 P 


Costal and Abdominal Respiratory Movements in Relation to 
Nervous Control of Breathing. 


ROBERT GESELL ann CARL MOYER, 
From the Department of Physiology, University of Michigan. 


Changes in body circumference associated with respiratory 
movements were simultaneously recorded in the dog at 6 different 
levels—3 costal and 3 abdominal. (Fig. 1.) Continuous registra- 
tion of respiratory movements with this method showed variations 
in type from time to time in the same individual. Some of these 
changes were spontaneous; others were elicited by deliberate intro- 
duction of new variables. 

Analysis of measurements on 31 female and 73 male dogs failed 
to show any relation between sex and mode of breathing. Com- 
paring the magnitude of increased costal circumference with the 
magnitude of increased abdominal circumference 34.3% of 106 
dogs were found to breathe more with the chest than with the 
abdomen. Using our new method of comparing costal and ab- 
dominal accommodation of air by grossly correcting for the greater 
costal circumference and greater length of chest 79% were found 
to be costal breathers. The mean ratio of costal to abdominal ac- 
commodation for all of the dogs studied was 2.15 indicating a 
decided predominance of costal breathing in the dog. 

A shifting from a more costal or more abdominal type towards 
the other respective type was frequently preceded by a momentary 
and sporadic stretching of the extremities. At times, periodic 
fluctuations in respiratory movements occurred, limited to either 
costal or abdominal levels. These findings suggested that period- 
icity may be a localized phenomenon dependent on chemical sen- 
sitivity in the cord. 

Great irregularities in the magnitude of respiratory excursions 
occurred mostly from changing inspiratory circumference. Under 
these conditions the expiratory circumference may remain surpris- 
ingly uniform. In some experiments the expiratory circumferences 
changed as well. At times the expiratory circumference of the chest 
showed gross fluctuations while those of the abdomen remained 
perfectly constant. The reverse also occurred. 

The magnitude of costal and abdominal expansion in sporadic 
deep breaths varied out of proportion to the prevailing respiratory 
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movements, ‘The deep breaths were, therefore, frequently of oppo- 
site type to the prevailing type. 

Backward injection of sodium citrate into the femoral artery 
produced differential effects in costal and abdominal breathing. 
Intravenous injection of urethane inhibited costal breathing more 
than abdominal, 

Lowered alveolar oxygen most commonly increased the cireum- 
ference of the chest and abdomen at the end of expiration and de- 
creased the intrathoracic pressure, During recovery, costal respira: 
tory movements were inhibited more than abdominal respiratory 
movements, ‘The upper costal segments were inhibited more than 
the lower costal segments, Upper costal apnea and abdominal hyperp- 
nea were not uncommon during recovery, In one experiment upper 
costal apnea was accompanied by abdominal hyperpnea greater than 
the hyperpnea of the immediately preceding anoxemia, As abdom- 
inal respiratory movements diminished during recovery the costal 
movements increased, ‘This unusual coordination(?) of costal 
and abdominal breathing led to a smooth return to normal ventila- 
on. | (Figy ly) 
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The effects of carbon dioxide differed importantly from those of 
anoxemia, In most experiments there was a decrease in circum- 
ference of the chest and abdomen at the end of expiration and a 
corresponding rise in the intrathoracic pressures, 

Inasmuch as costal or abdominal breathing may shift from one 
to the other it is concluded that all dogs are provided with mechan- 
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isms permitting either type or any combination of types of breath- 
ing. 

To determine whether the level of entrance in the central grey 
axis stem of sensory nerve impulses exerts a localized effect on 
breathing, such nerves as the saphenous, radio cutaneous, infra 
orbital and phrenic were stimulated faradically. A comparable re- 
sponse of accelerated breathing, decreased costal expiratory cir- 
cumference and a tendency towards increased abdominal circum- 
ference was obtajned in each one. 

The effects of graded sensory stimulation of the mixed cervical 
vagus and of the pulmonary branches of the same differed con- 
siderably. These differences were attributed to the abundance of 
extra pulmonary nerve fibers in the cervical vagus nerve. 

A strength of stimulation which will produce pure inhibition 
when applied during expiration may increase the depth of one in- 
troductory inspiration if applied during the phase of inspiration. 
The accessibility of the center to excitatory and inhibitory influences 
therefore varies with the phase of the respiratory cycle. 

Rhythmic breathing produced by rhythmic stimulation of the 
cervical vagus, pulmonary branches of the vagus, and the saphenous 
nerve indicate that the respiratory center may become accessible 
to rhythmic impulses from many sources agreeing with the synchro- 
nization of breathing and rhythmic muscular movements. 

Rhythmic stimulation of the vagus nerve may also produce com- 
plete respiratory inhibition. Faradic stimulation of the saphenous 
nerve, or chemical excitation of the carotid gland with sodium 
sulphide or cyanide removes the inhibition and allows the animal to 
breathe with each vagal stimulation. When rhythmic stimulation of 
the vagus nerve produces rhythmic breathing the action is, most 
frequently, locally selective. Costal breathing is partly or com- 
pletely inhibited and abdominal breathing is usually augmented. 
Under these conditions cyanide or sulphide lead to powerfully 


augmented costal respirations and less markedly augmented ad- 


dominal respirations. 

A higher pulmonary ventilation is attained by cyanide during 
double vagal block when the vagus nerves are rhythmically stimu- 
lated, which suggests the importance of normal vagal excitation 
produced by inflation and deflation of the lungs. 

Faradic stimulation of the saphenous nerve, and intravenous in- 
jection of sulphide or cyanide produce much greater and more rapid 
ventilation with the vagus nerves intact than during vagal block, 
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clearly indicating the great importance of the vagus nerves in the 
control of breathing. 

These findings show the dependence of vagal function on in- 
flowing afferent nerve impulses and further strengthen the general 
principle that breathing may be largely a resultant of numerous 
and various afferent nerve impulses. 
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Reduction of Selenites and Tellurites by the Sulphydryl Group. 


VICTOR E. LEVINE anp BERNARD M. ROSENTHAL. 


From the Department of Biological Chemistry and Nutrition, Creighton University 
School of Medicine, Omaha, Nebraska. 


The reducing effect of compounds containing the sulphydryl 
group has been tested with sodium selenite and with sodium tellu- 
rite as indicators. The following test solutions were prepared: 
Reagent (1), an acid reagent made up of 100 cc. of 2% sodium 
selenite or sodium tellurite plus 20 cc. concentrated hydrochloric 
acid; reagent (2), 2% sodium selenite or sodium tellurite solution, 
which is slightly alkaline; reagent (3), a more alkaline reagent con- 
taining 2% sodium selenite or sodium tellurite in 10% sodium car- 
bonate. The compounds studied were the thio compounds, ethyl 
mercaptan, thioacetic acid, thioglycollic acid, thiocresol, thiourea, 
glutathione, cysteine hydrochloride, and the sulphur containing 
compounds not possessing the SH group—cystine, and thiophene. 

On reduction sodium selenite yields free selenium in the form of 
a brick red precipitate or a red to brick red colloidal solution de- 
pending upon the intensity of the reaction and the quantity of the 
free element liberated. Sodium tellurite under similar conditions 
yields a brownish black precipitate of free tellurium or a black 
brown colloidal solution of this element. Compounds that reduce 
in the cold give more profuse reduction under the application of 
heat. The test is carried out by allowing 3 cc. of the compound in 
aqueous solution to interact with 3 cc. of the selenite or tellurite 
reagent. The reduction of sodium selenite or tellurite by the com- 
pounds is of special value, since the reaction is irreversible and the 
reduced selenium or tellurium does not display a tendency to under- 
go re-oxidation. 
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All the thio compounds examined with the exception of thiourea 
have very marked reducing capacity. The limits of sensitivity are 
given in Table I. 


TABLE I. 

Compound Acid Reagent (1) Alkaline Reagent (2) Alkaline Reagent (3) 

Cold Heat Cold Heat Cold Heat 

Selenite Reagents. 

Ethyl mercaptan negative 0.010% 0.30% 0.050% 0.30% 0.050% 
Thioacetic acid ie 0.005 0.08 0.070 0.08 0.800 
Thioglycolliec acid ae 0.001 0.10 0.006 0.04 0.008 
Thioeresol ae 0.003 0.03 0.005 0.30 0.010 
Glutathione a7 0.008 0.10 0.020 0.07 0.010 
Cysteine HCl a 0.020 0.03 0.030 0.05 0.050 


Tellurite Reagents, 
Ethyl mereaptan 0.09% 0.030% 0.30% 0.070% 0.30% 0.070% 


Thioacetie acid 0.08 0.009 0.10 0.007 0.10 0.008 
Thioglycollie acid negative 0.001 0.07 0.003 0.09 0.008 
Thiocresol 0.04 0.004 0.04 0.005 0.03 0.010 
Glutathione negative 0.009 0.25 0.080 0.04 0.040 
Cysteine HCl “2 0.090 0.03 0.030 0.04 0.040 


The acid selenite reagent is not reduced in the cold by any of 
the thio compounds. The acid tellurite reagent is reduced in the 
cold by ethyl mercaptan thioacetic acid and thiocresol, but not by 
thioglycollic acid, glutathione, and cysteine. On heating, however, 
all the thio compounds reduce the acid selenite and the acid tellurite 
reagents. All the thio compounds reduce at room temperature and 
at the temperature of the water-bath the slightly more alkaline 
selenite and tellurite reagents. 

Reduction in the cold takes place after a slight lapse of time. Two 
minutes we found the maximum time necessary for a precipitate to 
form. As the concentration of the thio compound is lowered a 
reddish colloidal solution forms but the time of its appearance is 
prolonged. A series of reaction mixtures may be made with differ- 
ent concentrations of thio compound as a classroom demonstration 
of reaction time. 

The thio compounds are the only organic compounds that we have 
thus far studied with the exception of pyruvic acid, glucoreductone, 
and ascorbic acid that have such marked reducing properties that 
they reduce even at room temperature. Pyruvic acid reduces in the 
cold the 2% sodium selenite or sodium tellurite reagent containing 
10% sodium carbonate. On the application of heat pyruvic acid 
reduces all the other selenite reagents and the acidified tellurite 
reagent. Pyruvic acid may be differentiated from the thio com- 
pounds by failure to reduce in the cold the slightly alkaline or the 
acidified selenite solution. 
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Glucoreductone reduces the highly alkaline selenite and tellurite 
reagents in the cold, but the slightly alkaline and the acidified 
selenite and tellurite reagents only on heating. Glucoreductone was 
prepared by heating a 5% solution of glucose in 2% sodium hy- 
droxide and neutralizing the mixture with hydrochloric acid. The 
term reductones has been given by von Euler and Klussmann’* to 
the highly reducing materials obtained when alkaline sugar solu- 
tions are heated. Kertesz’ has recently advised the use of glucore- 
ductone for the standardization of 2,6-dichlorophenol-indophenol 
solutions used for the estimation of ascorbic acid. 

Ascorbic acid* reduces in the cold only the acidified selenite and 
tellurite reagents, but the application of heat brings about reduction 
in the slightly alkaline and in the more highly alkaline selenite and 
tellurite reagents. Ascorbic acid may be readily differentiated from 
glucoreductone and from the thio compounds. Ascorbic acid re- 
duces in the cold the acidified selenite diosa while glucoreductone 
and the thio compounds do not. 

The sulphur-containing compounds—cystine, thiophene, and thio- 
urea do not reduce. Thiourea possesses the sulphydryl group. Old 
and slightly discolored samples of thiourea possess some reducing 
power, but not the fresh compound. Cystine can be differentiated 
from cysteine, since the latter has marked reducing properties while 
the former has none. 

Sodium selenite and sodium tellurite are very sensitive reagents 
for the detection of thio compounds including cysteine and gluta- 
thione. Thio compounds with the exception of thiourea can be 
differentiated from all other reducing compounds we have thus far 
studied® on the basis of the fact that the former react in the cold, 
that is at room temperature, with all the 3 selenite reagents. On the 
other hand, the thio compounds may be utilized in the detection of 
selenium in the form of selenite and of tellurium in the form of 
tellurite. They may also be employed in quantitative procedures 
where selenium or tellurium is estimated by weight in the element 
obtained by precipitation with a reducing agent. Cysteine HCl is 
especially adapted for this purpose, since it tends to give precipi- 
tates rather than colloidal solutions of selenium or tellurium. 
~~ 1von Buler, H., and Klussmann, E., Ark. Kemi, Mineral. o. Geol., 1933, 11B, 
Nos. 8, 11, 12. 

2 Kertesz, Z. L., J. Biol. Chem., 1934, 104, 483. 

* We are indebted to Dr. C. G. King, of the University of Pittsburgh, for the 


sample of pure ascorbic acid. 
3 Levine, V. E., Biochem. Bull., 1915, 4, 217; Science, 1920, 52, 391. 
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Acceleration of Blood Coagulation by Breathing Oxygen. 


JAMES A. HAWKINS. 


From the Laboratory of the Experimental Diving Unit, Navy Yard, 
Washington, D. C. 


While conducting experiments to determine the rate of elim- 
ination of nitrogen from the body, in which the subject, either dog 
or human, breathed oxygen (99.5%) at atmospheric pressure; it 
was noted that the velocity of coagulation of the blood was greatly 
accelerated. During these experiments we have found it almost 
impossible to draw blood samples with a syringe without the use of 
an anticoagulant when the subject has been breathing oxygen. 

In experiments where the femoral artery and vein of anesthe- 
tized dogs were exposed so that blood samples could be drawn at 
definite intervals, severe hemorrhage from injury to the artery 
occasionally occurred. When the animal was breathing room air 
it was necessary to clamp off the artery to stop bleeding. However, 
if the animal had been breathing oxygen for 15 minutes or longer 
the vessel repaired itself by external clotting and no clamping was 
necessary. 

Further studies on the control of hemorrhage by breathing oxygen 
are in progress. 


7452 P 


Unidentified Gram Positive Bacillus Associated with Meningo- 
Encephalitis. 


CASPAR G. BURN. (Introduced by Raymond Hussey.) 
From the Department of Pathology, Yale University School of Medicine. 


An unidentified gram positive bacillus has been procured from 
the blood stream of 3 newborn infants that died, having lesions 
determined at necropsy to be meningo-encephalitis during the past 
year and a half at the New Haven Hospital. The organisms were 
obtained during the clinical course of the disease of 2 of the infants 
and in all 3 instances they were isolated from the heart blood at 
postmortem. In 2 of the infants a routine bacteriological study of 
the organs at necropsy showed them to be diffusely distributed 
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throughout the body. The organisms are pathogenic for rabbits, 
guinea pigs, mice and to a lesser degree young monkeys. They have 
an especial affinity for the tissues of the central nervous system. 

The organisms are morphologically a small non-spore forming 
gram positive bacillus measuring 1 to 4 micron in length and 0.5 
micron in breadth with an occasional tendency to form longer rods 
or filaments, ‘They are usually arranged singly or in small clumps 
with some tendency to palisade formation, All strains are non-acid 
fast. ‘The colony on a blood agar plate is round, moist, convex and 
semi-translucent. It is not quite as opaque or dense as colonies of 
Streptococcus hemolyticus, although it is necessary to make a very 
careful morphological study of the organism for they may very 
easily be mistaken for strains of hemolytic streptococci because of 
the colony appearance and their marked hemolytic properties on 
blood agar plates. Hemolysis occurs both on surface and deep pour 
blood agar plates, as well as a rapid hemolysis takes place in broth 
of both rabbit and human red blood corpuscles. The strains grow 
readily and rapidly in meat infusion broth without aid of further 
nutritive material. ‘They ferment dextrose, maltose, salicin, dextrin, 
galactose, starch and rhamnose in 24 hours, while lactose and gly- 
cerin fermentation is delayed usually for 48 to 72 hours. Litmus 
milk is slowly acidified and decolorized, but is not coagulated. 
Gelatin is not liquefied. ‘They are very sluggishly motile, but it is 
extremely difficult to differentiate true motility in all the cultures 
studied, It fails to form indol or reduce nitrates. All 3 strains are 
very hardy and survive in ordinary media for long periods of time 
without transfer, 

Serological studies of the 3 organisms demonstrate that they are 
homogeneous strains, Because of their resemblance in morpho- 
logical and cultural properties to Bacteriwm mononcytogenes' fur- 
ther work is now in progress for studying this relationship. 

When young rabbits were inoculated intravenously with known 
quantities of this organism (1 ce, volume) the clinical course of 
the disease and the pathology varied with the number of bacilli in- 
oculated, Six animals receiving 500 million to 1 billion bacilli: per 
cc, died within 36 to 48 hours from an overwhelming infection, In 
27 rabbits receiving 6000 to 30 million bacilli per cc. there were 17 
that developed signs of central nervous system involvement and at 
postmortem showed an extensive meningo-encephalitis. The liver 
and spleen contained small foci of necrosis, ‘Three of the remaining 


pens 


ye Murray, fi Gd, D., Webb, R. A, and Swann, M. B. R,, J. Path. and Bact., 
1926, 20, 407, 
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10 animals that survived showed evidence of meningitis when they 
were sacrificed. 

The site of the inoculation of the organism into the rabbits deter- 
mines the course of the disease process. If small quantities of or- 
ganisms are inoculated into the cisterna, the rabbits died within 24 
to 48 hours with an extensive meningo-encephalitis. On the other 
hand, intramuscular or intraperitoneal injections did not produce 
any apparent change, either clinically or anatomically. 

Mice, guinea pigs and young monkeys were found to be suscepti- 
ble to intravenous inoculation of the organisms. 

In summary, there has been isolated from the blood stream of 3 
newborn infants an unidentified gram positive bacillus that is found 
to be pathogenic for the usual laboratory animals and apparently 
has a predilection to localize in the central nervous system when 
given intravenously in small quantities. 


7453 C 
Validity of Iodine and Copper Reduction Methods for Amylase. 


LEON C. CHESLEY. (Introduced by P. S. Henshaw). 
From the Department of Zoology, Duke University, Durham, N. C. 


If a quantitative method for the determination of amylase be 
valid and practical, different samples of the substrate—soluble 
starch—must give similar and reproducible results. 

In a previous paper’ the Wohlgemuth and viscometric methods 
were investigated by comparing the amounts of enzyme required 
to produce a given result in different samples of soluble starch. Both 
of these methods measures the dextrinogenic constituent of amylase; 
the Wohlgemuth was found to be non-valid as a quantitative pro- 
cedure, while the viscometric method seems to be valid if properly 
controlled. Thompson, McGarvey and Wies’* have obtained good 
results with the viscometric method by mixing together different 
samples of soluble starch. 

The purpose of the present paper is to investigate the iodine and 
copper reduction methods as indicated above; the latter method is 
for the measurement of the saccharogenic agent of the amylase 
complex. 

1 Chesley, L. C., J. Biol. Chem., 1931, 92, 171. 

2 Thompson, W. A., McGarvey, S. M., and Wies, C. H., J. Gen. Physiol., 1932, 
16, 229. 
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A. The achromic iodine method and variations. 


The first procedure used was that devised by Johnson.* The 
determinations were conducted exactly as specified in his paper; no 
sodium chloride or phosphate buffer were used. The substrate was 
a 2% soluble starch preparation; correction was made for the 
moisture content. 

Into each of a series of flasks in a water bath at 40°C. were 
placed 50 ml. portions of the soluble starch, which was allowed to 
come to the temperature of the bath. At 10 second intervals, suc- 
cessively increasing amounts of dilute saliva were added to the 
flasks. (Different specimens of human saliva diluted with different 
volumes of distilled water were used.) At the end of 10 minutes, 
5 drops were removed from the digest and added to 5 ml. of 
N/8000 iodine solution. The first tube in which no color was de- 
veloped was taken as the end-point. The quantity of enzyme solu- 
tion which would just digest the starch to the end-point was de- 
termined as accurately as was practicable. The figures given in 
Table I under “ml. enzyme solution” represent the quantity of 
dilute saliva required to hydrolyze the soluble starch to the end- 
point in 10 minutes. 

Two soluble starch samples were used simultaneously and under 
identical conditions. Sample 1 was Baker’s analyzed C. P. soluble 
starch; Sample 2 was Lintner’s soluble starch. 

As shown in Table I, Series 1, Sample 1 required about 25% 
more enzyme than did Sample 2 to be digested to the same end- 
point in the same time. In Series 2, 3, and 4 (Table I) the effects 
of added chloride and phosphate buffer, both separately and together, 
are shown. The added sodium chloride was 0.05 M in final con- 
centration, as was the phosphate buffer mixture, the pH, in the 
buffered series, was 6.9. 

In all 3 cases, Sample 2 required about 45% more enzyme to be 
digested to the same end-point as Sample 1. It is seen that the rela- 
tive digestibility is the reverse of that in the first series in which no 
electrolyte was added. The effect is not caused by a pH change, 
since Series 3 shows the same reversal as do Series 2 and 4. It 
may be caused by the presence of a greater quantity of activating 
electrolyte impurity in Sample 2. 

Phosphates or chlorides, present as impurities in different amounts 
in the samples, are not responsible for the discrepancy in “digesti- 
bility” which exists between the 2 samples, since in Series 4 enough 


3 Johnson, W. A., J. Am. Chem. Soc., 1908, 31, 798. 
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TABLE I. 
Digestion of soluble starch Samples 1 and 2, as influenced by added electrolytes. 
Six experiments with different specimens of saliva. 
Disparity in ‘‘digestibility’’ of samples indicated by quantities of enzyme solu- 
tion required for hydrolysis to end-point. 


Series 1 Series 2 
Unbuffered Buffered 
(1), pH 6.5; (2), pH 6.0 pH 6.9 
Added phosphate, none Added phosphate, .05 M 
Added NaCl, none Added NaCl, none 
Exp. Ml. enzyme solution Ratio Exp. Ml. enzyme solution Ratio 
Samplel Sample 2 Sample1l Sample 2 
it 1.20 1.00 1.20:1 1 1.20 1.60 Tod 
2 1.20 1.00 1.20:1 2 1.00 1.60 62:1 
3 0.80 0.60 1,33:1 3 1.10 1.50 7321 
4 0.80 0.60 1.3321 A. 0.80 1.20 O70 
5 0.80 0.60 wooed 5 0.80 1.20 Orel 
6 0.80 0.70 1.14:1 6 0.70 1.00 BANE a | 
Mean 1.25:1 Mean 69:1 
Series 3 Series 4 
Unbuffered Buffered 
(1), pH 6.5; (2), pH 6.0 pH 6.9 
Added phosphate, none Added phosphate, .05 M 
Added NaCl, .05 M Added NaCl, .05 M 
Exp. Ml. enzyme solution Ratio Exp. Ml. enzyme solution Ratio 
Sample1 Sample 2 Samplel Sample 2 
a 40 65 Olle t 1 als; 225 67:1 
2 40 .60 67:1 2 .20 275 a7iaieh 
3 40 .60 167 3 3 5 .250 60:1 
4 40 .60 Aoye( fa! 4 .20 .250 80:1 
5 .40 .60 Asya 5 20 .300 67:1 
6 — — — 6 .30 400 75:1 
Mean 65:1 ul 


Mean ROHS 


of both chloride and phosphate was added to render negligible the 
differences in concentrations of these contaminations. 
B. The copper reduction method. 

In the present investigation, the Walker-Munsen and Bertrand 
methods were combined for the estimation of maltose (Mathews*). 

Two percent soluble starch was prepared, sodium chloride and 
phosphate buffer was added to 0.05 M each, and the pH was main- 
tained at 6.9; the temperature was held at 35°C. To 25 ml. por- 
tions of the soluble starch was added one ml. of diluted saliva. At 
the end of 30 minutes, 5 ml. specimens were removed from the 
digest and run into an excess of Fehling’s solution (25 ml. diluted 
to 95 ml.). The solution was kept in a bath at 112°C. for exactly 
6 minutes, then removed and filtered through a Gooch crucible using 
suction. The precipitate was washed several times with distilled 
water at 60°C., then dissolved in M/2 ferric ammonium sulphate- 
sulphuric acid mixture and titrated at once with N/20 potassium 


4 Mathews, A. P., Physiological Chemistry, 1920, 3d ed., p. 891, New York. 
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permanganate. Two starch samples were compared at once. The 
results are shown in Table II. It will be seen that the 3 soluble 
starch samples and dextrin (Merck’s “Blue Label’) are sacchari- 
fied at the same rate. 


TABLE II. 
Comparison of soluble starch Samples 1, 2, and 3 with dextrin. ‘‘Digestibility’’ 
as determined by the copper reduction method. 
Starch 2%. pH 6.9. Temp. 35° C, NaCl .05 M. Phosphate .05 M. 
Six experiments with different specimens of saliva. 


Sample Mg. maltose produced per ml. in 30 minutes Variation 
Exp. a b ¢ d e f ay. % 
1 14.0 11.2 9.7 12.7 13.6 13.2 12.4 
2 14.3 11.8 10.8 12.8 13.4 13.2 12.7 2.5 
2 11.0 11.9 10.9 12.9 11.9 10.9 11.6 
8 11.0 12,1 10,7 13.0 12.4 11.3 aa yf 1.12 
8 11.1 11.5 10.2 11.1 11.6 12.4 11.3 


Dextrin 11.0 11.5 10,2 11.8 11.5 11.9 11,3 0.0 


Soluble starch is prepared by incipient acid hydrolysis of starch, 
and by other methods not in commercial use. One source of error 
in the older experiments with amylase determination has been the 
differences in chloride concentrations in different samples; another 
has been acidity. In modern methods, these are eliminated by the 
addition of relatively large amounts of chloride and buffer salts. 
However, as shown here, there are other errors which are appar- 
ently caused by differences in the chemical constitutions of different 
soluble starch samples. 

As shown above, the copper reduction method yields very closely 
comparable results from sample to sample of soluble starch and 
dextrin; the enzyme determined by this method has dextrin as its 
substrate (possibly also soluble starch). The iodine methods give 
widely discrepant values. It has been pointed out (Chesley’) that 
the order of relative digestibility of 3 soluble starch samples as 
measured by the viscometric method is the reverse of the order as 
determined by Wohlgemuth’s iodine method. If the viscosity of 
soluble starch is caused by amylopectin, as Samec’” believes to be the 
case for starch, then the viscometric method measures primarily 
the hydrolysis of amylopectin. As for the iodine methods, that of 
Wohlgemuth depends upon the complete disappearance of amylose 
(and other substances giving a blue iodine reaction), while the 
achromic methods depend upon the total disappearance of all sub- 
stances giving color reactions with iodine. If the concentrations of 
such substances vary from sample to sample of soluble starch, then 


5 Samec, M., Comprehensive Survey of Starch Chemistry, 1928, 51, New York. 
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different amounts of amylase will be required to hydrolyze the digest 
to the end-point in a given time. 

From the evidence adduced in this and a previous paper (Ches- 
ley’), it seems probable that the disparity in “digestibility” (as 
given by the various methods) is caused by varying proportionate 
quantities of amylopectin, amylose and dextrins in the different 
soluble starch samples. 

Summary. The achromic iodine method, with several variations, 
has been investigated for its validity in determining amylase. 

The iodine method is not a valid quantitative procedure for the 
estimation of amylase. There are considerable differences in the 
quantities of enzyme required to digest different samples of soluble 
starch to the same end-point in the same time, under identical experi- 
mental conditions. 

The copper reduction method is a valid quantitative method for 
measuring the saccharogenic power of an amylase. Dextrin and 
3 samples of soluble starch were found to be saccharified at the same 
rate. 

Apparently the disparities in digestibility which exist among dif- 
ferent soluble starch samples are caused by varying relative amounts 
of amylopectin, amylose and dextrins. 


7454 P 
A Method for Obtaining Stable S Colonies of Human Tubercle 


Bacilli. 


ELEANOR G. ALEXANDER. (Introduced by William H. Park.) 


From New York University. 


The so-called “S” colonies of the human tubercle bacillus ob- 
tained by Petroff,* Reed and Rice,* and others, as described or 
shown on photographic plates, although more easily emulsified in 
saline and of greater virulence than R colonies, appear flat, wrinkled, 
dull, and irregular rather than convex, glistening, round, and 
smooth-edged as do S colonies of bovine and avian tubercle bacilli, 
and the S colonies of most other bacteria which have been dissociat- 
ed. The flat colonies seem to be intermediates and not true S. This 
paper reports a successful attempt to dissociate human tubercle 


1 Petroff, S. A., and Steenken, W., Jr., J. Exp. Med., 1930, 51, 831. 
2 Reed, G. B., and Rice, C. E., Canad. J. Res., 1931, 4, 389; 5, 111. 
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bacilli completely into S colonies resembling those of the bovine 
_ and avian types, and, moreover, to develop or modify a medium 
favoring the continued formation of such S colonies in pure culture 
by means of some substance other than anti-R serum. 

The Bordet-Gengou*® medium proved not only an excellent medium 
for growth, but lent itself well to experimentation. Unmodified 
Bordet-Gengou medium was used to maintain undissociated control 
strains. The human strains grown on Bordet-Gengou medium all 
exhibited morphology characteristic of human type colonies.® 
These appeared to be much nearer the S than the R. It was found 
that a small optimal amount of ferric chloride, 0.0004%, represent- 
ing 2.5 X 10* mols of iron per liter, added to Bordet-Gengou me- 
dium stimulated the dissociation of 2 human strains studied into 
completely smooth, convex, glistening colonies. These S colonies 
were produced in pure culture by one strain in the first generation, 
and by the other strain in the third generation on this modified 
medium. The fourth and fifth generations continued to produce S$ 
colonies. 

Avian R bacilli were dissociated to S on modified Bordet-Gengou 
medium. The optimal amount of ferric chloride in this case was 
0.004%, representing 2.5 X 10% mols of iron per liter. 

The lesions produced by the convex glistening S colonies of both 
avian and human strains differed radically from those produced by 
R bacilli. They were diffuse, inflammatory, and small or micro- 
scopic, whereas those produced by R bacilli were much fewer, lim- 
ited, calcified, and larger. Virulence tests indicate that the S colo- 
nies of these strains possess somewhat greater virulence than the 
R. Details of experimental methods used in dissociation and viru- 
lence tests will be included in a subsequent publication. 


8 Mishulow, L., J. Inf. Dis., 1932, 51, 416. 
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Developmental Morphology of Human and Avian Tubercle Bacilli 
on Bordet-Gengou Medium. 


ELEANOR G. ALEXANDER. (Introduced by William H. Park.) 


From New York University. 


These observations on the developmental morphology of human 
and avian tubercle bacilli are in agreement with those made by Kahn’ 
with H37 and a more recently isolated human strain, on Long's 
medium. Bordet-Gengou medium was chosen for this study, as it 
differs from Long’s medium in not being synthetic, and is more 
highly enriched. 

Smears were made at daily and weekly intervals from growth on 
Bordet-Gengou slants which were first tested for sterility by incu- 
bation at 37°C. for 24 hours. They were then seeded with a light 
inoculum. Prior to planting, smears were made of the inoculums. 
The slides were stained by a modified Ziehl-Neelsen method* which 
had been found excellent for demonstrating non-acid-fast forms of 
the tubercle bacillus. Each slide prior to staining was covered by 
a clean strip of filter paper to protect the smears as much as pos- 
sible from particles of precipitated stain which might lead to inac- 
curate observations. The slides used were clean and free from 
grease. The strains employed were 2 recently isolated human 
strains H3 (Mishulow) and Arilotta (Alexander), and R and S$ 
strains of a dissociated avian strain obtained through Dr. Florence 
Sabin. 

During the first week of incubation at 37°C. no growth was vis- 
ible, but smears made during the first few days revealed segmenting 
acid-fast bacilli, acid-fast cocci and diplococci, and some non-acid- 
fast cocci and diplococci. Transitional diplococci were noted which 
appeared to consist of one acid-fast coccus and one smaller non- 
acid-fast coccus. After about 5 days only non-acid-fast cocci and 
diplococci appeared on the smears. No acid-fast bacilli were ob- 
served. 

A week or 10 days after incubation, very delicately staining non- 
acid-fast rods appeared on the smears. Each bacillus contained 
one or more deeply staining non-acid-fast bodies. Some of the 
bacilli stained more homogeneously than others. Many were very 


1 Kahn, M. C., Amer. Rev. Tubere., 1929, 22, 150. 
2 Alexander, E. G., Science, 1932, 75, 197, 


1104 Foca, Hemorruaces Arrer [INJECTION OF STARCH 


small, and suggested non-acid-fast cocci surrounded by a mere wisp 
of cytoplasm. 

Smears taken from 2'%4-to-4'4-weeks-old cultures showed few 
granule forms, many non-acid-fast bacilli and acid-fast bacilli as 
well. Many were rather light red in color, and in some instances 
contained one or more deeply stained acid-fast bodies. Occasional 
forms were noted which appeared to be transitional between the non- 
acid-fast and acid-fast stage. ‘These transitional bacilli contained 
one acid-fast body and one or more non-acid-fast bodies lying with- 
in the same bacillus. Both of the transitional forms described above 
indicate that the granules or bodies of the tubercle bacillus are the 
last portions of the organism to lose acid-fastness, and the first 
portions to regain or reacquire acid-fast properties, 

Each of the 4 strains, including both R and S forms, followed 
the same course of development. 
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Hemorrhages in Skin Lesions After Intravenous Injection of Starch. 


JULES FREUND anno WILSON FF, SMITH, JR. 
From the Department of Pathology, Cornell University Medical College. 


When rabbits are injected intravenously with cholera vibrios 
and on the following day the same material, or B. coli or proteus 
bacilli, is again injected intravenously, hemorrhages occur in the 
intestines at the site of the localization of cholera vibrios. This 
hemorrhagic phenomenon was discovered by Sanarelli.!| Shwartz- 
man’ and Hanger* have shown that when certain species of bac- 
teria or their products (B. typhosus, B. lepisepticum, B. coli, menin- 
gococci) are introduced into the skin of rabbits and one day later 
the same material injected intravenously, hemorrhagic necrosis oc- 
curs in the skin at the site of the first injection. ‘The nature of this 
hemorrhagic reaction is still obscure. It seems reasonable to hope 
that the discovery of new substances capable of producing the reac- 
tion may throw light on the nature of the phenomenon, Sickles* 
observed that bacterial filtrates, of the second injection, can be 


1Sanarelli, G., Ann. Inst, Pasteur, 1924, 88, 11. 
2 Shwartzman, G., Proc. Soc. Exp. Bron. AND Mep., 1928, 25, 560, 
3 Hanger, F., Proc, Soc. Exp. Bron, AND Mmp,, 1928, 25, 775. 

4 Sickles, G., J. Immunol., 1981, 20, 169, 
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replaced by a 0.1% agar suspension but not by purified agar, 
galactose, 10% gelatin, or India ink. Shwartzman® reported that 
mixtures of precipitinogen and serum containing homologous pre- 
cipitins injected intravenously produce hemorrhage in the skin pre- 
pared by bacterial filtrates. Sickles did not express her view as to 
the mode of action of the agar suspension. It is possible that the 
action of agar is due to its colloidal character but we have found 
that a suspension of collodion particles, of less than 3 micra in 
diameter, injected intravenously did not produce hemorrhages in 
areas injected with bacterial filtrates. 

It is known that the intravenous injection of agar mixed with 
fresh guinea pig serum and kept at 37°C. for 30 minutes produces 
anaphylactoid symptoms in guinea pigs, but agar alone or a mix- 
ture of agar and heated guinea pig serum are entirely inactive in 
this respect. Since starch, like agar, produces anaphylactoid symp- 
toms in the guinea pig we wanted to find out if starch used as a 
second injection causes hemorrhagic phenomenon. Starch has the 
advantages that it is a relatively pure substance and its action upon 
the vascular system, when introduced into the blood stream, has been 
studied by physiologists (Bayliss and others). 

In one group of rabbits from 0.1 to 0.25 cc. of filtrates from B. 
coli or meningococci were injected into the skin. On the following 
day, the rabbits received an intravenous injection of soluble starch 
or cornstarch solution. In another group of rabbits, eel serum was 
used to prepare the skin, since in previous experiments we found 
that fresh eel serum is very potent in preparing the skin for the 
hemorrhagic reaction. Six of 7 rabbits injected with 10 cc. of a 
10% starch solution reacted with hemorrhage; the incidence of 
hemorrhagic reactions was slightly lower when 5 cc. of a 10% or 
10 cc. of a 5% solution was used. Starch did not act as a skin pre- 
paratory agent. 

After the intravenous injection of soluble starch solution, many 
of the rabbits appeared excited, their breathing was labored, and in 
some of them urination and frequent defecation was observed. 

The hemorrhagic reactions appeared within from 5 minutes to 2 
hours after the intravenous injection of soluble starch. According 
to Shwartzman and others, the hemorrhagic reaction, as a rule, oc- 
curs only between 4 to 5 hours after the injection of bacterial fil- 
trate. It has been found by various workers that about 30% of the 
rabbits are refractory to the hemorrhagic reaction when bacterial 


5 Shwartzman, G., Proc. Soo. Exp. Biot. anp Mep., 1931, 29, 193; Shwartz- 
man, G., J. Exp. Med., 1933, 57, 859. 
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filtrates are used for both injections. In the rabbits injected with 
10 cc. of 10% soluble starch solution, only 1 of 7 failed to react 
with hemorrhage. The literature of the subject shows that from 
25 to 30% of rabbits die after the intravenous injection of bacterial 
filtrates. No deaths occurred after the intravenous injection of 
soluble starch. 
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Réle of Pressor Substances in Etiology of Arterial Hypertension. 


R. B. CAPPS, E. B. FERRIS, F. H. L, TAYLOR, anp SOMA WEISS. 


From the Thorndike Memorial Laboratory, Sccond and Fourth Medical Services 
(Harvard), Boston City Hospital, and the Department of Medicine, Harvard 
Medical School. 


The theory that circulating substances play an etiological rdle in 
arterial hypertension has been revived recently by a series of studies 
carried on by Bohn and his associates.” * “ These investigators of the 
Volhard clinic have reported the finding of increased amounts of 
pressor substances in the urine and in the blood of patients with 
“pale hypertension” (Volhard). In view of the important impli- 
cations of Bohn’s conclusions, we have reinvestigated this problem. 

Because of the fact that several hormones and chemical sub- 
stances are present in greater concentration in the urine than in the 
blood, and because large amounts of urine are readily obtainable 
for maximum chemical concentration, we have studied particularly 
extracts of urine. Blood and chest, abdominal and cerebrospinal 
fluids were also tested, both before and after extraction. In order 
to ascertain the efficacy of the alcohol-acetone fractionation of 
pressor and depressor substances, we have tested biologically not 
only the alcohol but also the acetone fraction, whereas Bohn utilized 
only the former. ‘Twenty-one subjects were studied, 8 of whom 
were normal, 7 had malignant hypertension, 2 benign hypertension, 
and 4 chronic glomerulonephritis with hypertension. Extraction 
of a number of 24-hour urine specimens on each subject was per- 
formed. A total of 120 extracts were repeatedly tested on 55 cats. 
Dial and amytal given intraperitoneally were used as anesthetics, but 


1 Bohn, H., Z. f. klin. Med., 1931, 119, 100. 
2 Bohn, H., Z. f. klin. Med., 1938, 128, 558. 
8 Bohn, H., Verhandl. d. deutsch. Gesellsch. f. inn. Med., 1933, 45, 182. 
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comparative observations were also made of the effect of identical 
extracts on animals anesthetized with ether, chloral hydrate and 
urethane. Care was taken to test the same extracts in different ani- 
mals, as well as to test different extracts obtained from the same 
subject in the same animal. 

A pressor effect of over 25 mm. Hg. was obtained in the majority 
of subjects tested, using an amount of urine extract equivalent to 
one-fifth of the total 24-hour amount. The injected volume was 6 cc. 
Pressor effects as high as 100 mm. Hg. and over, lasting at times 
over 20 minutes, were obtained from both alcohol and acetone frac- 
tions. The majority of high pressor effects were obtained from the 
urine of normal subjects. We were unable to confirm Bohn’s ob- 
servation that the type of curve is as important as the height for we 
have repeatedly observed pure pressor curves (curve type 3 of 
Bohn) from the extracts of urine of normal subjects. Only rarely 
has this been seen in the “pale hypertension” group. 


Types of blood pressure curves obtained from acetone extract’ fraction of 
urines of normal subjects. 

Tracing 1. Initial pressure 200 mm. Hg; maximal pressure 220 mm. Hg 
(Bohn type 1). 

Tracing 2. Initial pressure 192 mm. Hg; maximal pressure 280 mm. Hg 
(Bohn type 3). 

Tracing 3. Initial pressure 126 mm. Hg; maximal pressure 200 mm. Hg 
(Bohn type 2). 


The form, height and duration of the blood pressure curves ob- 
tained were extremely variable and were found to depend, in part, 
on (1) unknown variations in the subjects from day to day; (2) 
variations, as yet unexplained, in the response to the same extract 
observed both in different cats, and in the same cat at different times; 
and (3) the rate of injection of the extract. The type of anesthesia 
used has produced only quantitative changes in the reaction of the 
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animals. No correlation was found between the responses obtained 
with the extracts and those obtained with epinephrin, pituitrin, 
saline, or by induction of the carotid sinus pressor reflex. Atropin 
has been found to abolish the depressor part of the curve but to have 
no effect upon the pressor portion. Control injections of saline at 
times induced a rise of as high as 30 mm. Hg for a period of one or 
2 minutes’ duration. 

Nineteen blood extracts were made on as many patients, using 
both the Bohn and a modified technique. These patients included 
normal subjects and hypertensive subjects of the different types. 
Three extracts of ascitic fluid, chest fluid and spinal fluid were made, 
by a modified method, on 9 subjects, including both normals and 
hypertensives in each group of fluids. Using both the original 
fluid and the extract, we were unable to demonstrate any signifi- 
cant pressor effect. Similar results were obtained in the case of 
blood. Recently de Wesselow and Griffiths* and Page’ were unable to 
demonstrate increased amounts of pressor. substances in the blood 
of patients with arterial hypertension. 

Our observations fail to confirm the claim of Bohn that increased 
amounts of circulating substances are responsible for “pale hyper- 
tension”. The separation of pressor and depressor substances by 
the alcohol-acetone fractionation method proved to be impracticable, 
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Effect of Heavy Water (deuterium oxide) on Viability of Mouse 
Sarcoma and Rat Carcinoma. 


KANEMATSU SUGIURA amp L. C, CHESLEY. 


From the Chemical and Biophysical Laboratories, Memorial Hospital, 
New York City. 


It was clearly shown’ that the proliferating capacity of the mouse 
sarcoma 180 and the mouse melanoma was unaffected by heavy 
water (148 and 40% H’*,.O) when it contained salts of Locke- 
Ringer solution in an isotonic amount. 


4de Wesselow, O. L. V. S., and Griffiths, W. J., Brit. J. Exp. Path, 1934, 
15, 45. 

5 Page, L H., Fishberg’s Hypertension and Nephritis, Lea and Febiger, Phila- 
delphia, 1934, p. 230; and personal communication. 

i Sugiura, K., and Chesley, L. C., Proc. Soc. Exp. Biot, asp Mep,, 1934, 
31, 659. 
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We here present the results of experiments to determine the in 
fluence of 94% heavy water on the growth of malignant neoplasms 
in rats and mice. This study was made possible through the cour 
tesy of Dr. Urey of Columbia University who supplied us with the 
heavy water, 

The mouse sarcoma 180 and Flexner-Jobling rat carcinoma were 
selected for the present study, ‘The behavior of these transplantable 
tumors in the hosts has been reported elsewhere, 

Into each of 2 weighing bottles were placed 2.5 cc, of Locke 
Ringer solution which was evaporated to dryness over a covered 
water bath. One residue was then dissolved in 2.5 ce, of ordinary 
distilled water and the other in 2.5 ce, of 949% heavy water, thus 
making isotonic solutions. ‘The solutions were buffered to pl 7.0 
approximately by adding 0.088 ec, of 0.2 M KEIyPO, and 0,052 
cc, of 0.2 M KOH. Small pieces of tumor tissues (each weighing 
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about 6 mg.) were placed in these solutions and leit for 24 hours 
at 45°C. At the end of this period of time, the tumor fragments 
were inoculated into mice. The results are presented in Figure 1. 


Each set of experiments included the imoculation of animals of 
about the same age with untreated tumor tissue immediately after 
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It is interesting to note that an increase of the temperature to 
37°C. from 4-5°C. produced a marked change in the action of both 
ordinary and heavy water upon the growth capacity of mouse 
sarcoma 180. Thus immersion of tumor fragments 6 hours or 
more in either 94% heavy water or ordinary distilled water, both 
containing salts of a Locke-Ringer solution in an isotonic amount 
and both adjusted colorimetrically to pH 7.0, resulted in complete 
inhibition of the growths. 

The results of a comparative study upon the transplantable tumors 
indicate that the Flexner-Jobling rat carcinoma is highly sensitive to 
various chemical and physical agents. For this reason experiments 
duplicating those with mouse sarcoma 180 were made with the 
Flexner-Jobling rat carcinoma. 

As before, fragments of fresh tumor tissue were placed in either 
94% heavy water or ordinary distilled water both containing salts 
of a Locke-Ringer solution in an isotonic amount and both adjusted 
colorimetrically to pH 7.0. After standing for 24 hours at 4-5°C. 
the tumor fragments were implanted into young adult rats in the 
usual way. This study consisted of 2 groups of experiments in- 
volving a total of 72 implants. The results showed that the 94% 
heavy water appeared to have no inhibiting effect on the growth 
capacity of the Flexner-Jobling rat carcinoma. The number of 
tumor takes of the tumor grafts previously treated with 94% 
heavy water was practically the same as that obtained from ordinary 
water-treated tumor grafts, 67 and 75% respectively. The growth 
of the positive transplants in the rats in both cases was equally 
rapid. The microscopic examination of tumor tissues immersed 
in 94% heavy water for 24 hours at 4-5°C. showed a picture similar 
to that of the untreated tissues; the nuclei retained their staining 
reaction. 

Summary. 1. The proliferating capacity of the mouse sarcoma 
180 and the Flexner-Jobling rat carcinoma was unaffected by heavy 
water (94% H*,.O) when it contained salts of a Locke-Ringer solu- 
tion in an isotonic amount. 2. The growth capacity of the tumors 
was equally markedly destroyed when subjected to hypotonic 
media for 24 hours, both in ordinary and heavy water. 
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The Genital-Pituitary Pathway. Non-Effect of Stimulation of 
Superior Cervical Sympathetic Ganglia. 


H. O. HATERIUS. 


From the Biological Laboratory, New York University. 


It is well known that ovulation normally occurs only as a result 
of coitus in the rabbit, and abundant proof exists concerning the 
necessity for the activity of the anterior hypophysis in this re- 
sponse.’ It is well established also that the pituitary > ovary effect 
is a hormonal one, but it is a matter for speculation as to the nature 
of the genital > pituitary stimulus, 7. e., whether the first phase of 
the genital > pituitary > ovary mechanism is nervous or hormonal 
in nature, and, if nervous, the specific path involved. . The fact that 
artificial insemination’ does not induce ovulation would indicate a 
nervous mechanism. The problem is an attractive one, but attempts 
at solving it have so far been singularly unproductive, although 
Fee and Parkes® appear to have ruled out any local vaginal reflex 
through anesthetization of the vagina and vulva. 

The meager anatomical evidence available would indicate that 
the nerve supply of the anterior hypophysis is derived, in part at 
least, through the carotid plexus. If a nervous pathway is involved 
in the genital > pituitary phase of postcoital ovulation, it seemed 
possible that a positive reaction (7. e., ovulation) might be elicited 
through direct stimulation of the superior cervical sympathetic 
ganglia. On putting this to experimental test, however, uniformly 
negative results were obtained. In the course of the experiments, 


TABLE I. 
Non-effect of Stimulation of Superior Cervical Ganglia, 
Animals Anesthetic Stimulus Result 
1-3 ‘Nembutal’ 10 sec. at 30 sec. intervals Negative 
One bilateral; 2 unilateral 
Il-4 Ether (light) 30 see. at one min. intervals for 3 min. ae 
2 bilateral; 2 unilateral 
III-2 Bs uA 5 sec. at 30 see. intervals for 3 min. ef 
Bilateral 
IV-5 A de 10 see. in rapid succession for 1 min. a 
3 bilateral; 2 unilateral 
V-6 es ti 5 min. continuous stimulation 23 
Bilateral 


‘1 Fee, A. R., and Parkes, A. S., J. Physiol., 1929, 67, 383. 
2 Hammond, J., Reproduction in the rabbit, 1925, Edinburgh. 
3 Wee, A. R., and Parkes, A. §., J. Physiol., 1930, 70, 385. 
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20 rabbits (previously isolated for at least 4 weeks) were submitted 
to electrical stimulation. For this purpose an interrupted tetanic 
current was employed, using bipolar electrodes of fine Nichrome 
wire, insulated to the finely pointed tips and the latter spaced one 
millimeter apart. In most instances the strength of stimulus was 
adjusted to give a maximal constriction of the ear vessels. Varia- 
tions in procedure are shown in Table I. In all instances explora- 
tory operations were made 18 to 24 hours after stimulation. The 
, animals, in addition, were re-examined 2 to 4 weeks later to deter- 
mine the condition of the ovaries. One animal in each series was 
then sacrificed and the pituitaries were examined histologically. 
They did not differ in appearance from those of control animals. 

In the first series ‘Nembutal’ (pentobarbital sodium) was used 
for anesthesia. Since some barbiturates apparently exercise an in- 
hibiting effect both on the parasympathetic and the sympathetic 
systems,” ° light ether anesthesia was used in subsequent series with, 
however, no difference in results. 

While these experiments were in progress, Hinsey and Markee® 
reported that section of the sympathetic trunks or ablation of the 
superior cervical ganglia failed to prevent subsequent ovulation and 
pregnancy—an observation which the writer has had opportunity to 
confirm. ‘Their results, as well as those reported here, seem defi- 
nitely to show that the nervous pathway, if, indeed, there is a 
nervous pathway, is other than through the ganglia in question. 


7460 C 


Further Studies on Loss of Sensitivity to Anterior Pituitary-Like 
Hormone of Pregnancy Urine. 


H. SELYE, C. BACHMAN, D. L. THOMSON, ann J. B. COLLIP. 


From the Department of Biochemistry, McGill University, Montreal, Canada. 


It is well known that both the anterior pituitary sex hormone 
and the anterior pituitary-like hormone of pregnancy urine (A.P.L.) 
lose their ovary-stimulating effect after a certain time, if given daily 
over a long period. Hisaw' has recently been able to show that this 
ri, 4 Stavisky, G. W., J. Pharm. and Exp. Therap., 1931, 48, 499. 
a 5 Clark, G. A., J. Physiol., 1931, 78, 297. 
6 Hinsey, J. C., and Markee, J. E., Proc, Soc. Exp. Biot. anp Mep., 1933, 
31, 270. 
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loss of sensitivity may be obtained in rabbits even by the administra- 
tion of subthreshold doses of anterior pituitary sex hormone, and 
we>* found that the loss of sensitivity is limited to the gonado- 
tropic preparation with which the animals have been treated pre- 
viously. Animals which became insensitive to A.P.L. remained 
responsive to pituitary implants and vice versa. 

In an attempt to determine whether this loss of sensitivity is due 
to the formation of specific hormone inhibiting substances as pos- 
tulated by Collip* or simply to an insensitivity of the ovarian tissue 
itseli, we performed the following experiments. 

Five female rats, 21 days of age at the beginning of the experi- 
ment, have been injected daily with 100 R.U. of A-P_L. subcu- 
taneously for a period of 8 months. Then they and 7 untreated 
females of the same size received 100 R.U. of A.P.L. intravenously. 
All animals were killed 1 hour after the injection. The blood of 
each animal was collected separately and injected in 3 doses of ap- 
proximately 1.5 cc. each on 3 consecutive days into an immature 
rat 21 days of age, and thus tested for its A-P.L. content. The 
blood of all 7 previously untreated rats led to corpus luteum for- 
mation in the immature females, while the blood of the A.P.L- 
insensitive animals was ineffective with one exception. The odds 
against obtaining such a result by chance greatly exceed 100 to 1. 
From this experiment we conclude that A.P.L. disappears more 
rapidly from the blood of the A.P.L-insensitive rat than from the 
blood of the normal animal. 

Since this experiment does not show conclusively that the inacti- 
vation of A.P_L_ has taken place in the blood itself we performed 
a second experiment, in which 3 units of A-P.L. were injected once 
a day on 3 consecutive days into each of eight 21-day-old female 
rats. Five of these animals received daily injections of the blood 
of A.P.L_-insensitive rats 3 days before and during A.P.L. ad- 
ministration. While all the control animals showed oestrous vagi- 
nal smears and corpus luteum formation following the injections, 
all the rats treated with the blood of the insensitive animals re- 
mained anoestrous and only one of them showed corpus luteum 
formation. 

1 Hertz, RB. and Hisaw, F. L., Am. J. Physiol., 1934, 108. 

2 Selye, H., Collip, J. B., and Thomson, D. L., Proc. Soc. Exe. Bro. asp Mup., 
1934, 31, 437. 

3 Selye, H., Collip, J. B., and Thomson, D. L., Proc. Soc. Exp. Bio. anp Mep., 
1934, 31, 566. 

*Collip, J. B., Mount Sinai Hospital Reports, 1934 (in press). 
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These experiments show that the blood of animals which have 
become insensitive to the anterior pituitary-like substance of preg- 
nancy urine is able to inactivate this hormone. 
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Prolonged Pregnancy in Albino Rat following Injection of 
Pregnancy Urine Extract. 


EDITH C. HOOPES. (Introduced by Franklin F. Snyder.) 
From the Department of Physiology and Hygiene, Goucher College, Baltimore. 


Previous observers have found marked alterations in the termina- 
tion of pregnancy in the rat, following (1) injections of extracts of 
the corpus luteum (Nelson, et al.'), (2) injections of extracts of the 
anterior pituitary (Teel,” Hain*), and implants of the anterior 
pituitary (Hain*), (3) injections of the urine of pregnant women 
(Levin, et al.,* Hain*), and (4) hypophysectomy (Pencharz and 
Long’). The results of these investigations are difficult to evalu- 
ate in view of the differences in the substances administered, in 
their preparation and dosage, and in the parity and stage of preg- 
nancy of the animals when treated. 

In the present experiments the attempt was made to observe the 
duration of pregnancy in rats injected near term with a uniform dose 
of urine extract. The investigation was planned to take into ac- 
count the factors which were found to be involved in prolongation of 
pregnancy in the rabbit (Snyder*). A satisfactory method for the 
prolongation of pregnancy was found to be the subcutaneous in- 
jection of 75 R.U. of pregnancy urine (Antuitrin-S of Parke, Davis 
Co.) 19 days after mating. The day of recovery of spermatozoa 
from the vagina was designated day 1. The appearance of the 
placental sign, usually on the 14th day, also aided in estimating the 
duration of pregnancy. 

In a consecutive series of 19 animals, prolongation of pregnancy 
occurred in 16. Usually hysterotomy was performed a few days 


1 Nelson, W. O., Pfiffner, J. J.. and Haterius, H. O., dm. J. Physiol., 1930, 
91, 690. 

2 Teel, H. M., Am. J. Physiol., 1926, 79, 170. 

3 Hain, A. M., Quart. J. Exp. Physiol., 1932, 22, 249. 

4 Levin, L., Katzman, P. A., and Doisy, E. A., Endocrinology, 1931, 15, 207. 

5 Pencharz, R. I., and Long, J. A., Am. J. Anat., 1933, 53, 117. 

6 Snyder, F. F., Bull. Johns Hopkins Hospital, 1934, 54, 1. 
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past term. Hemorrhage or discharge from the vagina appeared in 
12 cases. In one rat, laparotomy about the 40th day showed the 
uterus strikingly distended by fetuses so that it had the form of 3 
large lumps. It was surrounded by dense adhesions to the abdominal 
organs, 

Fetuses examined on the 26th day have in every case been dead. 
Hysterotomy on the 25th day, however, which has been performed 
twice, revealed living fetuses in both cases. The average length and 
weight of each litter was greater than normal. The uterine fluid 
was hemorrhagic. In another case, a litter of 4 postmature fetuses 
was born on the 25th day. One was living. Two of the dead 
fetuses measured 5.7 cm. in length and weighed over 6 gm. These 
data indicate that the young die between the 25th and 26th days. 
In one case, however, hysterotomy on the 23rd day showed a litter 
of 4, of which 3 were dead. 


o2 


A, Normal newborn, 28rd day; B, Postmature fetus, removed by hysterotomy 
on the 26th day. 


The photograph shows a typical postmature fetus and a control. 
The mothers were litter mates. Both of their litters contained 6 
animals. The mother of A was untreated, and normal parturition 
occurred on the 23rd day. The mother of B was injected with 75 
R.U. on the 19th day. On the 26th day, the 6 fetuses were re- 
moved by hysterotomy. They were all dead, and 5 of them, judg- 
ing from the discoloration, must have died some time before re- 
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moval. The 6th, from its color, had evidently died more recently. 
The average formalin length was 5.2 cm.; the average weight 8.2 
gm. The control was 4.5 cm. long and weighed 6.5 gm. Other 
evidences of postmature development are shown by the appearance 
of the vibrissae, the skin, the tails, and the extremities. There was 
no blood in the lumen of the uterus and the placentae appeared 
normal. 

Conclusion. Prolongation of pregnancy with development of 
fetuses of excessive size was regularly observed in rats following a 
single injection of 75 rat units of urine extract administered 4 days 
before term. 


7462 C 


Sodium, Potassium, Calcium, Magnesium and Phosphorus Content 


of Skeletal and Cardiac Muscle, Bladder and Uterus. 


WALTER WILKINS. (Introduced by C. S. Robinson.) 


From the Department of Biochemistry, Vanderbilt University Medical School, 
Nashville. 


Few values are given in the literature for the distribution of 
mineral substances in the different kinds of muscle from the same 
animal. 

Table I contains the results of the analysis of skeletal muscle 
(taken from the shoulder), right and left ventricle, uterus and blad- 
der of 2 beef animals. The analyses were made by the methods de- 


TABLE I. 
Mg. per 100 gm. Milli-equivalents per kilo mg. per mMols 
——_ Oo _ 100 gm. per kilo 
Sum of 
indiy. Total 
Tissue Na K Caer Nal? Ko (Ga Meo bases ¢°P a 2 
Beef No. 1 
SkoMus, 42 330 2.7 19.1 183 844 1.35 15.7 120 224 722 
R. V 88 248 43 15.9 38.2 634 2.15 13.1 117 238 76.8 
Bove fees 3:6 14.7 $44 72.4 1.90 12.1 ) 121 239 77.1 
Uterus mae os 910-7 99.1 95.3 29.1,°5.385 7:5 187 69 22.2 
Bladder 134 304 5.1 11.9 58.2 77.7 2.55 9.8 148 107 34.6 
Beef No. 2 
Beene oer oop. 3.0.°16.5 28.9 85.7 1.50 13.6 125 179 57.8 
R. V. 92,283 46 163 40.0 724 23° 13.4 %4&128 228 73.5 
Day, 73 292 3.72 174 33.9 747 18 143 125 238 76.8 
Uterus 216 98 82 65 93.9 25.0 4.1 5.3 128 61 19.8 
Bladder 1383 268 63 114 57.8 686 3.1 94 139 100 32.2 


jee 


1118 = Hyprocenarep Far on Resprrarory Quorients 


scribed by Cullen and Wilkins,’ on duplicate ashings which afforded 
sufficient material for duplicate determinations of most of the sub- 
stances in each ash, 

Of all the tissues, the uterus was uniformly the richest in sodium 
and poorest in potassium, The total phosphorus content of both 
uterus and bladder was decidedly lower than that of skeletal and 
heart muscle, ‘The findings for skeletal and heart muscle, including 
certain small constant differences in the composition of the right 
and left ventricles, were in general agreement with those reported 
by Cullen, Wilkins, and Harrison® and Wilkins and Cullen* for hu- 
man tissues, ‘These authors made no analyses of human bladder and 
uterus. It is recognized that the presence of blood introduced a 
slight error but this probably does not invalidate the result. 

While the concentrations of the individual bases in the 5 tissues 
show much variation the sums of the bases in milli-equivalents vary 
within a comparatively narrow range. 
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Effect of Hydrogenated Fat on Abnormal Carbohydrate Respira- 
tory Quotients of Rats on a Fat-Deficient Diet. 


LAURENCE G, WESSON ann FLORENOE C. MURRELL. (Intredueed by 
P. D, Lamson.) 


Krom the Department of Pharmacology, Vanderbilt University, 


One of us reported’ that extremely small amounts of fats have an 
influence on metabolism greatly in excess of their effect as fat per se 
because of a possible new dietary factor present in the fats. Evans 
and Burr’ announced the discovery of a syndrome characterized by 
subnormal growth and retardation or suppression of ovulation, 
which developed in rats maintained on a fat-deficient diet. Burr 
and Burr® described additional symptoms of this fat deficiency 
disease in rats as scaly skin, necrotic tail, and hemorrhagic kidneys, 
and recognized" the fat-contained dietary factor as linoleic acid. A 


1 Cullen and Wilkins, 7. Biol, Chem, 1988, 102, 408, 

2 Oullon, Wilkins, and Harrison, J. Biol, Chem, 1988, 102, 415, 

8 Wilkins and Cullen, J. Clin, Invest., 1988, 12, 1068, 

1 Wesson, L. G., dm. Jd. Physiol, 1927, 81, 618; J. Biol. Chem, 1927, 78, 507. 


2 Kevans, Ul. M,, and Burr, G. O,, Proc, Soc, Exe, Brot, AND Mxp,, 1928, 25, 390, 


‘Burr, G. O,, and Burr, M. M,, J. Biol, Chem, 1929, 82, 845, 
4 Burr, @, O., and Burr, M. M,, J. Biol, Chem., 1980, 86, 587, 
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cooperative investigation by one of us (W) with Dr. Burr indicated 
that while linoleic acid is curative for the abnormalities described by 
Evans and Burr and Burr, it is not curative for the metabolic ab- 
normality described by Wesson.’ 

In the present paper, a comparison is made of the effects of an 
active natural fat containing linoleic acid on this abnormal metabo- 
lism before and after hydrogenation. If hydrogenation does not 
modify the activity of this fat, a further indication is thereby ob- 
tained that linoleic acid is not the active constituent of the fat with 
respect to carbohydrate metabolism. 

The symptom of a deranged metabolism that appears in rats main- 
tained on a diet deficient in fat consists of an abnormal tendescy 
to form fat from carbohydrate, which may be alleviated by small 
amounts of an active fat.’ This abnormal tendency to form fat from 
carbohydrate is detected by means of respiratory quotient determi- 
nations obtained during the 6 hours following the feeding of a defi- 
nite amount of carbohydrate. The normal tendency to form fat 
from carbohydrate due to over-filling of the glycogen stores is 
avoided by a preliminary 18-20 hour fast. Reference is made to 
preceding papers” ’* for details of the fat-deficient diet, procedure, 
and previous findings. 

The alcohol-soluble fraction of lard’ was the fat used in the 
present work. The iodine number (Wijs) of this fat was lowered 
by hydrogenation® from 80 to 31, and a sample after saponification 
gave only traces of a petroleum ether-insoluble bromide (0.03%) 
indicating that most of the linoleic acid had become at least par- 
tially hydrogenated. The fat before hydrogenation was liquid at 
room temperature; after hydrogenation it required a temperature of 
50-55°C. to soften and melt. 

In order to avoid the effect of small amounts of possibly un- 
changed active substances in the hydrogenated fat, it was fed, in ad- 
dition to the fat-deficient diet, to a group of 9 abnormal rats at a 
level that had been found to be a moderate one for this fat before hy- 
drogenation, that is, 0.14 gm. per 100 gm. body weight daily for 2 
weeks.* Another group of 7 abnormal rats received the same 
amount of the original alcohol-soluble fraction of lard, and still 

5 Wesson, L. G., and Burr, G. O., J. Biol. Chem., 1931, 91, 525. 

6 Wesson, L. G., and Murrell, F..C., J. Biol. Chem, 1933, 100, cii; 1923, 102, 
303. 

7 Wesson, L. G., J. Biol. Chem., 1933, 100, 265. 

§ Skita, A., and Meyer, W. A., Ber. chem. Ges., 1912, 45, 3579; Voorhees, V., 
and Adams, R., J. Am. Chem. Soc., 1922, 44, 1397. 
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another group of 6 abnormal rats was given the same amount of the 
fat after it had been aerated at 100°C. 

The abnormal rats, before the addition of fat to their diet, gave 
R. Q. curves the average area of which above the line R. Q. = 1.00 
was 1.31 sq. in. (1 in. = 1 hour and 0.1 unit R. Q.). After the 
addition of unhydrogenated fat to the diet, a group of these rats 
gave R. Q. curves, the average area (A, Fig. 1) of which above the 
line R, Q. = 1.00 was 0.20 sq. in., while the corresponding area 
(B, Fig. 1) given by another group of rats that received the 
hydrogenated fat was 0.12 sq. in. In marked contrast to these 
are the R. Q. curves given by the 3rd group of abnormal rats after 


100 


090 


HOURS 2 3 4 5 
Fre. 1. 

R.Q.’s following the feeding of dextrin, Solid lines represent the average R.Q, 
curves of the abnormal rats before the addition of fat to their diet; dots and 
dashes, after the addition of small amounts of fat to the diet; and dashes, the 
corresponding curye given by rats fed a normal diet. The cross-hatching repre- 
sents the areas of detinite fat formation by the abnormal rats after the tnelusion 
of the fats in their diet. 

In ‘‘A?’? the fat is the alcohol-soluble fraction of lard; in ‘*B,?? the same fat 
after hydrogenation; and in ‘*C,’* the same fat after aeration at 100°, 


9 McCollum, EH, V., Simmonds, N., and Shipley, P. G, J. Biel. Chem. 1922, 
53, 293. 
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receiving the aerated fat for 2 weeks. The area above the 1.00 line 
of the average of these curves was 1.33 sq. in. (C, Fig. 1). Thus 
the aerated fat had little or no effect on the abnormal R. Q. curves, 
while the unhydrogenated and hydrogenated fat had a marked and 
similar effect on these curves. 

Conclusion. The partial hydrogenation of the alcohol-soluble 
fraction of lard, leading to the complete or almost complete destruc- 
tion of the linoleic acid contained therein, does not diminish the 
effectiveness of the fat with respect to the lowering of the abnormal 
respiratory quotients of rats on a fat-deficient diet. Further indi- 
cation is thereby given that the carbohydrate factor postulated as 
present in natural fats is not linoleic acid, the lack of which in the 
diet of rats has been found to produce other deficiency symptoms. 
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Penetration of Potassium Into Nitella. 


A. G. JACQUES anp W. J. V. OSTERHOUT. 


From the Laboratories of The Rockefeller Institute for Medical Research, New 
York City. 


Experiments with Valonia macrophysa indicate that in the light 
the rate of entrance of potassium is increased when the external con- 
centration of potassium or the external pH is raised above normal, 
but if they are reduced sufficiently below normal potassium leaves 
the cells. In the dark the cells fail to grow and potassium does not 
increase even when the concentration of potassium and the pH are 
simultaneously increased in the external solution. 

These results have been explained by assuming that potassium 
enters the protoplasm chiefly as KOH, so that the rate of entrance 
depends on the difference between the ionic activity product 
[K] [OH] inside and outside. 

Similar experiments with Nitella flexilis give the following re- 
sults*: (a) The entrance of potassium is relatively rapid in both 
the dark and the light. (b) No growth occurs during the experi- 
ments either in the dark or the light, so that the rate of entrance is 
measured by the increase in the concentration of potassium. (c) The 
rate of increase of potassium is practically independent of the ex- 


*The technique resembles that previously described but the analyses were 


carried out according to the methods of Emich. 
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ternal pH over the range 5.7 to 8.5. Thus in a typical experiment 
lasting 8 days the potassium concentration increased 52% at pH 6, 
58% at pH 7, and 55% at pH 8. (d) The rate of increase of po- 
tassium concentration at pH 7 depends on the external potassium 
concentration at lower concentrations, but this effect practically dis- 
appears at higher concentrations. Thus in a typical experiment 
(lasting 72 hours) when the external concentration of potassium 
was 0.0001 N the potassium concentration increased 38%, at 0.001 
N 86%, and at 0.01 N 92%. (ce) The internal pH as measured by 
the glass electrode did not change much from 5.5 during the rapid 
entrance of potassium. (f) The chloride concentration in the sap 
increases at about the same rate as the potassium concentration. 
(g) It was found that ultrafiltration of the sap (which removes a 
considerable amount of organic material not thrown out by centri- 
fugalization) does not alter the potassium concentration, so that no 
appreciable amount of potassium is held in the sap by colloids. 

Nitella appears to differ from Valoma in that (unless the pH 
just inside the inner protoplasmic surface of Nitella is greater than 
measurements of the sap as a whole indicate) potassium can enter 
when the ionic activity product [K] [OH] is greater inside than 
outside. This requires energy. 

In both Nitella and Valonia the ionic activity product [K] [Cl] is 
greater inside than outside. 

In these experiments the ionic activity product [K] [HCOs] is 
in some cases greater outside than inside and it is possible that 
potassium enters in part in this form. It may also enter in other 
forms, e. g.,as KOH. If KOH reacts with a constituent HX of the 
protoplasm to form KX which then diffuses into the vacuole (as 
assumed in previous papers) it is evident that when the amount of 
HX is limited an increase of potassium or of pH beyond a certain 
point will produce very little increase in KX and consequently very 
little increase in the rate of entrance of potassium. Similar reason- 
ing would apply to KHCO, if it reacted with HX but not if it passed 
through the protoplasm as KHCOQ3. 
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Experimental Studies on the Developing Perch (Perca flavescens 


Mitchill). 


J. M. OPPENHEIMER. (Introduced by J. S. Nicholas.) 


From the Osborn Zoological Laboratories, Yale University. 


The records of experimental analyses of the embryogenic pro- 
cesses in the Teleost are comparatively meagre. The results of 
defect-experiments performed on Fundulus eggs by Morgan,’ 
Lewis,” * and Hoadley* indicate that the ultimate limitation of cellu- 
lar potencies occurs during gastrulation, but they supply no con- 
clusive evidence concerning the nature of the mechanisms whereby 
the limitation is accomplished. The time is now ripe for experi- 
mental investigation and analysis of Teleost development in the 
light of the modern concepts of experimental embryology. 

The eggs of the yellow perch were used for experimental material 
in the present research. Transplantation of the tissue corresponding 
to the dorsal lip of the amphibian blastopore induces the formation 
of a secondary embryo; the experiment and results are comparable to 
those of Spemann’ on the egg of Triton. 

The cytoplasm of the perch egg is large in amount in comparison 
with the yolk. The germ-ring forms and gastrulation commences 
when almost one-half the yolk is covered by the blastoderm. Early 
in gastrulation the lip of the blastoderm at which invagination is 
principally localized induces the formation of a secondary embryo 
when transplanted to an extra-embryonic region near the germ-ring 
of an egg the same age as the donor. The induced embryos are 
only slightly smaller than the normal, and have been obtained com- 
plete as far anterior as mesencephalon and myelencephalon. The 
parts formed are perfect. Active motility and vigorous heart-beat 
developed in the oldest induced embryo. The primary embryos are 
normal. 

Inductions have also been attained by transplanting dorsal lip 
from later stages of gastrulation to eggs the same age as the donors. 
Embryos induced in this fashion are smaller and less complete than 
those induced by younger dorsal lip. This result may be due partly 


1 Morgan, J. Morph., 1895, 10, 419. 

2 Lewis, Anat. Rec., 1912, 6, 1. 

3 Lewis, Anat. Rec., 1912, 6, 325. 

4 Hoadley, J. Exp. Zool., 1928, 52, 7. 

5 Spemann, Arch. f. Entw.-mech. d. Org., 1918, 43, 448. 
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to the less ready incorporation of the graft into the thin membrane 
forming the later blastoderm than into the thicker tissue constitut- 
ing the earlier. It may also indicate a change in the activity of 
the transplant or in the reactivity of the host. 

In several experiments, cells from very young blastulae—well be- 
fore gastrulation—were transplanted to blastulae of the same age, 
generally without visible effect. In one case, however, embryo- 
formation was apparently regular, but at the tailbud stage an extra 
row of 6 unpaired somites together with other tissue not diagnos- 
tically distinguishable by gross examination extended between the 
tailbud of the embryo and the yolk. As the tail of the embryo 
iengthened, the extra tissue was protracted also, and a third fin 
formed along the side of the tail, which was supplied in the normal 
manner with dorsal and ventral fin. More experiments are neces- 
sary to ascertain what materials other than dorsal lip can cause 
induction. 

Occasionally the dorsal lip transplants fail to induce embryo-for- 
mation but preserve their integrity either within the normal embryo 
or on the yolk-sac. Some of those within the embryo produce or 
induce appropriate local structures; those on the yolk-sac undergo 
considerable seli-differentiation. One graft of early dorsal lip, 
marooned on the yolk-sac epithelium, differentiated to form auditory 
vesicle and either self-differentiated or induced heart. The dorsal 
lip material giving rise to this graft was removed from a donor the 
same age as the donors of the dorsal lip transplants which induced 
embryos complete only as far anterior as the ear level. 

The parts played by inductive processes and by self-differentiation 
in Teleost morphogenesis can now be studied. The dorsal lip of the 
Teleost gastrula as well as the corresponding region of the chick*® 
and amphibian egg induces embryo-formation. The factors con- 
trolling development are similar in members of these 3 vertebrate 
groups. 

6 Waddingion, Arch. 7. Entw.-mech. d. Org., 1933, 128, 502. 
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Ant. Pituitary Changes in Adult Male Rats Following Thyroxin 
Injections or Thyroid Feeding.* 


A. E. SEVERINGHAUS, GEORGE K. SMELSER? axnp HELEN M. CLARK. 


From the Department of Anatomy, College of Physicians and Surgeons, Columbia 
University. 


The authors are not aware of any literature which describes 
cytological or even histological changes in the anterior pituitary 
due to thyroid feeding or injections. That such changes should 
occur might be anticipated from reported structural changes in the 
pituitary following thyroidectomy* and also from the few reported 
instances of pituitary weight changes after thyroxin administration. 
Even these reports are contradictory. A further indication that 
structural changes may occur in such pituitaries is found in the 
reports that hyperthyroid rats show an increased sex-stimulating 
potency.~ * Weichert* demonstrated a prolonged dioestrus in rats 
after thyroid administrations, and in a subsequent work demon- 
strated prominent persistent functional corpora lutea. All of these 
data refer to female rats. The present paper deals with cytological 
changes in the adult male rat and will be supplemented by a subse- 
quent description of the female, which we now have reason to be- 
lieve will show differences. The pituitaries of 36 adult albino male 
rats, purchased at Cambridge, England, which had been made hyper- 
thyroid by injections of sodium thyroxin (British Drug House, 
London) or by feeding desiccated gland (Burroughs, Wellcome & 
Co. “Tabloids’’), were studied. The thyroid tabloids were pow- 
dered on a glass plate and thoroughly mixed with a few cc. of thick, 
sweetened, condensed milk. The rats were observed until they 
finished eating the mixture, which they did avidly, and we believe 
that all of the thyroid was ingested. The manufacturers state that 


a tabloid has the equivalent of .324 gm. of fresh tissue. Each rat 


received one tabloid daily for 30 days. Those rats which were made 


* Aided by a grat from the Committee for Research in Problems of Sex, the 


National Research Council, administered by Dr. P. E. Smith. 
+ National Research Fellow. 
1 Trautmann, A., Frankf. Zeit. f. Path., 1916, 18, 173. 
2 Evans, H. M., and Simpson, M. E., Anat. Ree., 1930, 45, 215. 
3 Van Horn, W. M., Endoe., 1933, 17, 152. 
4 Weichert, O. K., Physiol. Zool., 1930, 3, 461. 
5 Weichert, ©. K., and Boyd, R. W., Anat. Ree., 1933, 58, 55. 
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hyperthyroid by injection received varying doses of from .028 to .28 
mg. of sodium thyroxin daily for 30 days (Smelser). 

In addition to these experiments, a series of 6 rats from our 
Long-Evans strain were fed a total of from 1440 to 1840 mg. of 
dried Armour’s thyroid over a period of from 16 to 23 days 
(Clark) and a second series of 20 rats from this strain was in- 
jected similarly to those described above (Smelser). All animals 
showed distinct but varying loss in body weight, and the accessory 
reproductive organs were atrophic or castrate in type. Some of 
the rats had been unilaterally castrated before thyroid administra- 
tion. The pituitary changes of such rats are similar to those of 
treated normals. The pituitaries of the unilateral castrates, unin- 
jected, used as controls, cannot be distinguished from the normal 
reference control. 

The anterior pituitaries showed structural changes consistent in 
all hyperthyroid animals. These changes were briefly as follows: 

The basophiles are of maximum size, markedly increased in num- 
ber, and castration cells are numerous. Augmentation of the baso- 
philes with few castration changes follows the administration of 
smaller thyroid doses. 

The basophilic changes are in almost all respects similar to those 
of the castrate both progressively and in the final stage assumed. 
In the Helly-fixed pituitaries of the British series (all others fixed 
by the method previously described by Severinghaus’) the colloid- 
like substance of the basophilic castration cells has a tendency to 
clump into large irregular masses. The mitochondria seem larger 
and more numerous than in the previously studied cells of castrate 
male rats. 

The acidophiles of treated animals average larger, stain more 
brilliantly than those of the normal, and show marked hypertrophy 
of the Golgi and mitochondrial components of the cytoplasm. In 
several instances, numerous acidophiles had deeply chromatic and 
pyknotic nuclei. ‘hese changes are in direct contrast to acidophilic 
changes in the castrate rat' where the acidophiles decrease in size 
and prominence, 

The chromophobes appear reduced in amount, possibly due to the 
prominence of the increased basophilic and acidophilic areas. No 
cell counts have been made, many of the changes described above 
being of such order of magnitude that the pituitaries of the thyroid 


6 Severinghaus, A, E., Anat. Rec., 1932, 53, 1. 
7 Severinghaus, A. E., Anat. Rec., 19338, 57, 149. 
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treated animals may be readily differentiated from the controls 
even by examination with low power of the microscope. 
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Ant. Pituitary Changes in the Adult Male Rat Following 
Thyroidectomy. * 


A. E. SEVERINGHAUS, GEORGE K. SMELSERt anp HELEN M. CLARK. 


From the Department of Anatomy, College of Physicians and Surgeons, Columbia 
University. 


The authors, in the preceding paper, have reported changes in 
the anterior pituitary of the adult male rat following administration 
of thyroid. The present paper deals with the changes which occur 
after thyroidectomy. 

The literature is replete with descriptions of pituitary changes 
following thyroidectomy. Numerous workers have reported that 
hypertrophy of the pituitary follows ablation of the thyroid. Simp- 
son and Hunter’ and Marine’ review these findings, and Hammett’ 
has confirmed them. The effect of thyroidectomy upon the gonad- 
stimulating potency of the pituitary has also received attention. 
Smith and Engle* and Van Horn’ found no change in this potency 
although Evans and Simpson® reported a decrease. Histological 
studies of the pituitary after thyroidectomy have also been numer- 
ous. Trautmann,’ in his admirable treatise on pituitary changes in 
the goat, fully reviews previous literature. Bryant* described in 
the rabbit a decrease in eosinophiles and a degenerated vacuolated 
hypertrophy of the chromophobes indicating a state of decreased 
secretion, while Kojima’ reported that thyroidectomy, like castra- 
tion, results in an increase in basophiles in the anterior pituitary of 
the rat, some of which are colloid filled. 


* Aided by a grant from the Committee for Research in Problems of Sex, the 
National Research Council, administered by Dr. P. E. Smith. 

t National Research Fellow. 
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The pituitaries of 9 thyroidectomized adult male rats of the 
Long-Evans strain were reserved for cytological study. The pit- 
uitaries were fixed, sectioned serially at 3/u, and stained as de- 
scribed in the preceding paper. The larynx region was removed at 
autopsy and carefully examined with a dissecting scope for thyroid 
tissue, and, although in no instance was any found, the material was 
preserved for serial sectioning. 

Some of these rats had been unilaterally castrated prior to thy- 
roidectomy in which case a unilateral castrate acted as control. The 
pituitaries of such controls are in every respect similar to those of 
normal unoperated controls. 

Marked changes occur in the anterior lobe of the pituitary. The 
basophiles are increased in number, are of maximum size and give 
to the pituitary the castrate appearance. Many have deeply chro- 
matic elongated nuclei. Large numbers of typical castration cells 
are present. This finding is unexpected after thyroidectomy, since 
castration cells had previously been found in the pituitaries of rats 
made hyperthyroid by thyroid injection or feeding. It is further- 
more difficult to explain, in view of the fact that the accessory re- 
productive organs may be normal in weight while at the same time 
the pituitary shows the basophilic increase and many castration 
cells. The average weight of the accessories of 8 thyroidectomized 
rats was 2.695 gm., while that of their controls was 3.328 gm. In 
half of the cases, however, the accessories of the treated animals 
weighed more than those of their normal controls. 

Although the basophiles of the thyroidectomized rats are similar 
to those of castrate and thyroid treated rats, the acidophiles are 
markedly different. Microscopic examination of serial sections 
reveals at once a loss of acidophilia. Closer inspection shows this 
to be due to degranulation of the acidophiles and to the small size 
of many of the cells. Certain acidophiles are greatly enlarged but 
show a vacuolation which closely approximates the degenerating 
vacuolation of the acidophiles described by Trautmann’ in the thy- 
roidectomized goat. Acidophilic granules in these cells are scarce, 
the typical Golgi apparatus is frequently fragmented, while mito- 
chondria are numerous and often filamentous. Unusual nuclear 
phenomena are found, among which are nuclear inclusions similar 
also to those described by Trautmann, except that they take a basic 
stain. Large areas of chromophilic cells with Golgi of the acido- 
philic type are especially prominent in the anterior and posterior 
margins of the anterior lobe. 

The advancement of any of several suggested explanations er 
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these unusual pituitary findings is withheld pending completion of 


further experimental data. 
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Effect of Injections of Pituitary Whole Gland Extract on 
Immature Alligator. 


T. R. FORBES. (Introduced by R. K. Burns, Jr.) 


The efficacy of the anterior hypophysis in producing precocious 
development of the reproductive system in lower vertebrates has 
been shown by the recent studies of Burns and Buyse,*** and 
Burns,* who used as subjects larvae and recently metamorphosed 
salamanders. Reptiles have rarely figured in pituitary investiga- 
tions. Herlant® found that injections of anterior lobe extract caused 
a general hypertrophy of the reproductive system of Lacerta, Noble 


‘and Bradley® state that hypophysectomy delays moulting in Hemi- 


dactylus, Schaefer‘ reports testicular atresia in Thammnophilis fol- 
lowing hypophysectomy, with a partial restoration of the testes to 
the normal condition following several hypophyseal implants, and 
Houssay® produced ovulation in a single female snake, Xenodon, 
after similar implantations. All of these experiments were carried 
out with mature animals. 

In the present work, the immature alligator, Alligator mississippi- 
ensis, was chosen for study. The average total length of the first 
group of animals used was 24 cm., and their approximate age at 
the beginning of the experiment was 4 months. Intraperitoneal 
injections into 10 animals of 0.5 cc. per animal of the Parke, Davis 
& Co. sheep whole gland alkaline aqueous extract were made 3 times 
a week, a similar group of 10 animals serving as controls. Gross 
examination after 6 weeks of injections, showed a great hyper- 
trophy of the testes of the single male member of the experimental 
group. A slightly less, but still striking, hypertrophy of the gonads 
~ 1 Burns, R. K., Jr., and Buyse, A., Anat. Rec., 1931, 51, 155. 

2 Burns, R. K., Jr. and Buyse, A., Anat. Rec., 1933, 58, 37. 

8 Burns, R. K., Jr., and Buyse, A., J. Exp. Zool., 1934, 67, 115. 

4 Burns, R. K., Jr., Anat. Rec., 1934, 58, 415. 

5 Herlant, M., Areh. de Biol., 1933, 44, 347. 

6 Noble, G. K., and Bradley, H. T., Biol. Bull., 1933, 64, 289. 
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8 Houssay, B. A., Compt. Rend. Soc. Biol., 1931, 106, 377. 
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of the injected females was observed, together with lengthening and 
increased convolution of the oviducts. Due to lack of external evi- 
dences of sex in the immature animals, the ratio of males to females 
in this series was purely fortuitous, but a second series (see below) 
showed a preponderance of male animals, thus approximately equal- 
izing the total number of males and females in the two series. 

Histological study revealed an increase of the medullary cord 
region of the testes of the experimental male as compared to the 
controls. Germ cells were present in considerable numbers. The 
size of the persistent mesonephroi was in inverse proportion to the 
gonadal hypertrophy, and the mesonephric glomeruli had almost 
entirely disappeared. The injected females showed similar acceler- 
ation of development, with enormous proliferation of the germinal 
epithelium over the surface of the ovary and a very definite change 
in the thickness and cytology of the oviduct mucosa. The vestigial 
Wolffian ducts persisted in both normal and experimental females. 

In a second series of animals, averaging 48 cm. in length and 
approximately 11 months in age, an injection of 1.0 cc. of the same 
extract was given 6 times per week for 6 weeks. Nine animals 
(73:22) were injected, and an equal number served as controls. 
An even greater hypertrophy of the gonads and oviducts was ob- 
tained in the experimental animals. Histological studies of the 
second series showed that the vestigial Wolffian ducts in the females 
and Muillerian ducts in the males had disappeared, except in 2 in- 
stances in which short segments of the latter were seen in 
control animals. The possibility of a bisexual stage of gonad 
development, comparable to that reported by Risley*® in Sterno- 
therus, as well as other histological details, will be discussed at 
length in a later paper. 


9 Risley, P. L., Zeit. f. Zellforsch. u. mikr. Anat., 1933, 18, 493. 
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Hypophysectomy in the Pregnant Guinea-Pig.* 


R. ¥ PENCHARZ anp W. R. LYONS. 
From the Institute of Experimental Biology, University of California. 


Observations regarding the effects of hypophysectomy during 
the course of gestation in the rat were reported.» * It was shown 
that the removal of the gland during the second half of pregnancy 
was followed by a lengthening of the gestation period by 3 to 4 
days. In many instances normal young were delivered several days 
beyond term, and although the mammary glands were well develop- 
ed, suckling was not observed. Furthermore, hypophysectomy even 
as early as the twelfth day of gestation had no effect upon the subse- 
quent development of the corpora lutea of pregnancy. Such corpora 
lutea were in no way distinguishable from the corpora of a normal 
animal of the same day of pregnancy. Similar experiments have 
now been extended to the guinea pig and the original observation in 
the rat that the latter part of pregnancy is not interrupted by hypo- 
physectomy has been confirmed. 

Our findings in the rat have since been substantiated by Allen 
and Wiles? in the cat, and Selye, e¢ al.,* ° in the rat and mouse. The 
latter workers also found that milk secretion may take place for a 
very brief period but ceases within a few hours postpartum. 

In all, 23 guinea pigs were used. Fiiteen were hypophysectomized 
between day 34 and 36 of pregnancy, and 8 between day 40 to 41. 
Hypophysectomy on day 34 to 36 was invariably followed by re- 
sorption of the foetuses within 2 days after the operation. 
Animals subjected to the same operation day 40 to 41, de- 
livered viable young at term. In contrast to the findings in the rat, 
the period of gestation was not significantly prolonged (63 to 67 
days). 

Three of the 8 animals which gave birth to normal young at ap- 


* Aided by grants from the Board of Research of the University of California 
and the Rockefeller Foundation of New York City. These funds were adminis- 
tered by Dr. Herbert M. Evans. 

1 Pencharz, R. I., and Long, J. A., Science, 1931, 74, 206. 

2 Peneharz, R. I., and Long, J. A., Am. J. Anat., 1933, 53, 117. 

3 Allen, H., and Wiles, P. J., Physiol., 1932, 75, 23. 

4 Selye, H., Collip, J. P., and Thomson, D. L., Proc. Soc. Exp. Bron. anp MEep., 
1933, 30, 589. 

5 Selye, H., Collip, J. P., and Thomson, D. L., Proc. Soc. Exp. Bion. AnD Mep., 
1933, 31, 82. 
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proximately normal term, were sacrificed within 12 to 18 hours 
postpartum. In 2 of them a small amount of milk could be expressed 
from the mammary glands. From the nipple of a third pig, a watery- 
like secretion but no milk could be expressed. The 5 remaining 
mothers were allowed to remain with their litters for about 10 days, 
but in no case were the young suckled. The guinea pig, therefore, 
may show as do the rat and mouse* ’ a slight postpartum secretion 
of milk. 

At necropsy of the 3 pigs referred to above, it was seen that the 
mammary glands were considerably smaller than those of a normal 
postpartum animal. Microscopic examination of the glands showed 
that the galactophore system of the hypophysectomized animals had 
not attained their maximum development. Small quantities of milk 
could be detected in the ducts, but the picture of generalized lobular 
and alveolar distension typical of the normal lactating animal was 
lacking. 

A comparison of the ovaries of the hypophysectomized animals 
shortly after parturition with those removed from a normal post- 
partum guinea pig, revealed that the ovaries of the operated animals 
had suffered extensive regression. This was especially brought out 
in the condition of the corpus luteum, which had undergone marked 
atrophy and showed few lipoid staining granules. 

Of considerable interest also was the fact that relaxation of the 
pubic ligaments occurred normally in the absence of a well developed 
corpus luteum. 


7470 


Response of the Left Ventricle to Changes in Output. 


PAUL GREELEY ann JAY PALMER. (Introduced by D. R. Drury.) 


From the Laboratory of Physiology, School of Medicine, University of Southern 
California, 


Previous studies on the mammalian heart have demonstrated that 
both the diastolic and systolic volumes increase with an increase in 
total output, mean arterial pressure remaining constant. (Patterson, 
Piper and Starling,» Wiggers and Katz’). Kozawa,’ working with 


1 Patterson, Piper, and Starling, J. Physiol., 1914, 48, 465. 
2 Wigger, C. S., and Katz, L. N., Am. J. Physiol., 1922, 58, 439. 
3 Kozawa, S., J. Physiol., 1914, 49, 233. 
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the turtle’s heart found that only the diastolic volume varied, 

The present study was made on dogs using the modified heart lung 
preparation of Dusser de Barenne* in conjunction with an apparatus 
designed to maintain physical conditions as constant as possible 
regardless of variations in output, 

A eannula of large diameter was inserted into the aorta, The 
pulmonary artery was cannulated twice, one cannula toward. the 
right ventricle and the other toward the lungs, The right ventricle 
pumped only blood flowing from the coronary system, while the 
left ventricle that which was allowed to return from the venous res- 
ervoir, 


MEAN B.R 


Fig, 1 shows the result obtained by rapidly increasing the input 
to the left ventricle, The changes in volume of the ventricles, were 
recorded so that systole produced a downward movement of the 
piston-recorder lever. Prior to (1) no blood was returning to the 
left ventricle from the venous reservoir, the right ventricle pumping 
only the coronary blood flow, At (1) blood from the venous reser- 


4 Dusser de Barenne, Pfuger's Arch, 1021, 188, 281, 
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voir was allowed to return to the left ventricle by way of the lungs. 
The diastolic volume rapidly increased to a plateau at (6). The sys- 
tolic volume decreased with one exception to (2). From (3) to 
(4) the output of the left ventricle was about 1000 ce. per minute. 
The venous return to the left ventricle was blocked at (4). At (5) 
the volume changes of the heart were again approximately the same 
as at (1). Heart rate was constant and mean blood pressure in-~ 
creased only about one mm. Hg. during the peak of the flow, as 
indicated at (4). 

Records of increased output obtained by allowing the blood to 
return to the heart by way of the superior vena cava (before cannu- 
lating the pulmonary artery) showed marked increases in both the 
systolic and diastolic levels, the systolic rising well above that present 
when the heart was taking care of the coronary flow alone. Wheth- 
er changes in pressure in the pulmonary artery or a combination of 
factors accounts for the results obtained requires further experimen- 
tation. 

A paper presenting other experimental results and a detailed 
description of the apparatus is now in the process of preparation. 


7471 P 
Does Methylene Blue Form Methemoglobin? 


MATILDA MOLDENHAUER BROOKS. 
From the Department of Zoology, University of California, Berkeley. 


These experiments were done to help clear up-the present con- 
fusion as to the action of methylene blue on hemoglobin. 

Barron and Harrop* and Warburg, Kubowitz and Christian* were 
the first to make any quantitative studies involving the interpretation 
of the action of methylene blue on hemoglobin. The latter state 
that methemoglobin does not accumulate during methylene blue 
catalysis when rabbit erythrocytes are placed in a saline-PO,-glu- 

cose solution, but that it disappears as fast as formed, is reformed, 
disappears again and so on in a continuous cycle. The presence of 
glucose is necessary for demonstrating this catalytic effect of methy- 

1 Barron, E. S. G., and Harrop, G. A., J. Exp. Med., 1928, 48, 207; J. Biol. 
Chem., 1928, T9, 65; 1929. 81, 445; 1929, $4, 83. 

2 Warburg, O. F., Kubowitz, F., and Christian, W., Biochem. Z., 1930, 227, 245. 
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lene blue because it is the reductant by which methemoglobin is 
transformed back to hemoglobin. Since leuco methylene blue is 
autoxidizable, this completes the cycle. 

It could, therefore, be predicted that since a certain amount of 
glucose is present in the blood stream, methemoglobin would be 
reduced as fast as it was formed and that no appreciable amount of 
it would appear until there was no longer any glucose in the blood. 
This was proven by injecting more than a therapeutic dose into 
rats in the following experiments: rats (10 in each of 3 groups) 
were injected intraperitoneally with (1) NaNO.; (2) methylene 
blue; (3) saline solution or nothing. The dose of NaNO, was 
1 ce. of a 2% solution; of methylene blue, 1 cc. of a 0.1% solution, 
both per 100 gm. body weight. Both aqueous and saline solutions 
were used without any difference in results. The dose of methylene 
blue is 10 times that used in my former experiments* with CN and 
CQ. NaNO, served as samples of blood with nearly complete 
transformation of hemoglobin to methemoglobin. Blood was 
analyzed at intervals of 15 minutes, % hour, 2 hours and the next 
day. The defibrinated blood was prepared for spectrophotometric 
analysis by dilution to 1% in 0.4% NH.OH aqueous solution (Ray, 
Blair and Thomas.*) This does not change the proportion of 
methemoglobin to oxyhemoglobin. The extinction coefficients at 
various wave lengths were determined spectrophotometrically, and 
the ratio, R, of that at 540 mez to that at 560 me was compared 
with those plotted by Ray, Blair and Thomas for blood containing 
different proportions of methemoglobin and oxyhemoglobin. It is 
possible by this method to detect less than 2% methemoglobin in a 
solution of oxyhemoglobin. 

Results. In the case of NaNO, even at 15 minutes, R was 1.25, 
indicating about 90% methemoglobin. With methylene blue, all 
samples showed R = 1.65, the same as the controls, thus indicating 
negligible methemoglobin formation. 

To see whether dog’s blood would act differently, a 23.5 kg. 
dog was injected via the femoral artery with 16 cc. of a 1% solu- 
tion of methylene blue, which is equivalent to the customary clin- 
ical dose. Before injection, R= 1.60; 15 minutes later, 1.63; 1 
hour later, 1.62, thus again indicating negligible methemoglobin for- 
mation and practically 100% oxyhemoglobin. 

The same results were obtained with intravenous injections of 
methylene blue into rabbits. These results show that methylene 

3 Brooks, M. M., 4m. J. Physiol., 1932, 102, 145; 1933, 104, 139. 

4 Ray, G. B., Blair, H. A., and Thomas, C. I., J. Biol. Chem., 1932, 98, 63. 
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blue in the doses given, does not cause the formation of appreciable 
amounts of methemoglobin in the blood of rats, rabbits or dogs 
in vivo. If methemoglobin were present after the injection of 
methylene blue it would have been detected by these methods. 

The diminution in O, capacity which has been claimed to occur 
under these conditions proves nothing as to the presence or absence 
of methemoglobin, but only that under certain specified conditions 
certain amounts of oxygen may be liberated. Such methods cannot 
therefore be used in argument against the present positive proof 
of the absence of methemoglobin im evo, Furthermore, since glu- 
cose is essential for the cyclic reduction of methemoglobin, experi- 
ments done with washed cells, or even with blood im vitro where 
glucose is absent or strictly limited in amount, are not comparable 
with experiments im vivo where methylene blue, because of a con- 
stant supply of glucose, has full scope for its catalytic action, 

This error of interpretation has been made by Haggard and 
Greenberg,” Henderson," and again by Richardson,’ who measured 
the O, capacity of blood containing methylene blue and reported the 
formation of 8 to 12% of methemoglobin, 

The concentration of methylene blue is an important factor, 
Warburg uses different concentrations varying as much as from ] 
to 200 times the concentration of methylene blue used in my animal 
experiments. Different results are obtained with these different 
concentrations. 

Williams and Challis* and Geiger’ using spectrographs were not 
able to demonstrate the formation of methemoglobin when methy- 
lene blue was injected into humans or animals, ‘These methods have 
been criticized because of their low sensitivity, but nevertheless led to 
correct conclusions, 

Species differences in the ease of methemoglobin formation which 
have been reported from time to time, are quite probably due to 
varying concentrations or availablity of glucose in the blood stream, 
In vitro Warburg found no difference between dog, human, rabbit, 
guinea pig, horse, and rat bloods. 

Methylene blue does not form appreciable quantities of methemo- 
globin in the blood stream. The explanation of the action of methy- 
lene blue in the case of CN poisoning given by Wendel,’® Hender- 


5 Haggard, H. W., and Greenberg, L, A. J. dm. Med, Assn, 1988, 100, 2001, 
6 Henderson, Y., Science, 1988, 78, 408, 

T Richardson, BH. F., J. Am. Med, Assn, in pross, 

8 Williams, J. R., and Challis, P, ., J. Lab. and Clin, Med, 1988, 19, 166, 

9 Geiger, J. O., J. dm. Med. Assn, 1988, 101, 269, 

10 Wendel, W. B., J. dm. Med. Assn, 1988, 100, 1054, 
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son,° and Haggard and Greenberg,’ i. e., that the formation of 
methemoglobin by methylene blue and its combination with CN 
removes the latter from the blood stream is untenable. Further- 
more, the objection of Henderson® that methylene blue because of 
methemoglobin formation cannot be used in CO poisoning is also 
baseless, since the catalytic action of methylene blue as a reversible 
oxidation-reduction dye is responsible for recovery of the animal, 
and not its ability to form stoichometric equivalents of methemo- 
globin. 
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Relative Growth in the Pacific Edible Crab, Cancer magister 


F. W. WEYMOUTH anp D. C. G. MacKAY. 


From the School of Biological Sciences, Stanford University. 


Analyses of the.form in various organisms have been presented 

in recent years by Huxley and his students. Certain related find- 

; ings incidental to a study of the life-history and growth of the 

Pacific Edible Crab (Cancer magister Dana) are here given. The 

data include measurements of various linear dimensions (carapace 

; length and width, length of chela, length of the first walking leg, 

4 length and width of the sixth and seventh abdominal segments in 

both the male and female) of 1804 crabs. The analysis has shown 

the relation of various sexual differences to the onset of sexual ma- 

turity and has suggested certain correlations between body propor- 
tions and the size attained by the species. 

Treated by Huxley’s method of plotting the logarithm of the 
part on the logarithm of the whole’ (here usually the carapace 
width) in most cases one or more straight lines are obtained. The 
slopes of these lines are the values of k, the differential growth ratio. 
The nature of this constant may be seen from the following formula. 
If the plot may be fitted by a straight line the equation of this will Ls 

log p=log a+k log w 
where / represents the part considered, zw the whole, here the cara- 
pace width, and a.and k are constants. Transforming, this becomes 
p= awk 
The values obtained in Cancer magister range from 0.93 to 1.61. 


5 a 


1 Huxley, Julian, Problems of relative growth, 1932. 
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These do not differ greatly from unity, representing isogony or 
growth with constant form; they should be contrasted with the 
values found by Shaw* and sine in Inachus, Carcinus and Pachy- 
grapsus which range between 0.32 and 3.15. 

The differences between the sexes in the edible crab are of 2 
kinds. Differences in the primary sexual organs and in certain of 
the secondary sexual characters are present in the earliest post-larval 
stages, With the onset of sexual maturity other secondary charac- 
ters change in one or the other sex producing differences, or differ- 
ences already present may become accentuated. 

An analysis of the relation of carapace length to carapace width 
may serve to illustrate the second type of change occurring with 
sexual maturity, Through most of the size-range the males and 
females do not differ significantly, the plot giving a k of 0.94 
indicating that in both the male and female the growth in length 
is proceeding rather less rapidly than the width. At a width of 
10 cm., however, the points representing the females begin to differ 
significantly from those for the males which continue with the 
slope mentioned above. The females now show a length greater in 
proportion to the width. This changed relation is very definite and 
in records of moulting may permit the crab to be identified as mature 
while the shell just quitted is clearly immature in proportions. 

This evidence is corroborated, for example, by the growth in 
width and length of the 7th abdominal segment in females and by 
the difference in growth ratios between the 6th abdominal segments 
in males and females at this size, Independent evidence from mat- 
ing and the measurement of ovigerous females indicates that these 
changes in form correspond to the attainment of sexual maturity. 

It is a striking fact that this species, which is one of the largest of 
the true crabs and so numerous as to support an extensive commer- 
cial fishery from San Francisco to central Alaska, should be char- 
acterized by low degrees of heterogony or change of form with 
growth. Of the crustaceans studied as exhibiting marked heter- 
ogony nearly all are of small size. We may cite the fiddler crab 
Uca in which the growth of the claw shows a & of 1.6 (Huxley) 
and Jnachus 2.6 (Shaw). 

Huxley has pointed out the consequences of the increase of size 
in a form such as Uca pugnax should the chelae continue at the same 
ratio (about 1.6). With an increase from 3.6 to 24 gm., which is 
still a relatively small size for a crab, the claw would come to equal 
all the rest of the body. 


2 Shaw, M. B, Brit. J. Exp. Biol., 1928, 6, 145. 
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The study of Cancer magister furnishes the opposite side of the 
picture, a species eminently successful as indicated by numbers and 
of large size (reaching a maximum of about 8% inches and 3 Ib.) 
in which form changes relatively slightly and slowly. That a high 
negative correlation exists between the degree of heterogony and 
the final size in a species will be clear to anyone examining an ex- 
tensive collection of crustacea, Unusual and bizarre form can only 
result from markedly heterogonic growth and such species are al- 
most invariably small. We have no data justifying speculation on 
the causal relation involved. 
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Experimental Production of ‘‘Cretinism'’ by Thyro-Cytotoxin. 


JAMES E. MORGAN anp A, C. IVY. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School. 


This work* was undertaken to ascertain if a condition simulating 
cretinism might be obtained by the injection of a “thyro-cytotoxic” 
serum into young rabbits. We were stimulated to make such a 
study in view of the work of Hektoen and Schulhof,’ who were 
able to prepare an “antithyroglobulin”, and of Portis,* Yates,® and 
MacCallum,* who studied the histology of the thyroid after inject- 
ing “thyrocytotoxic”’ sera. 

The antigen was prepared as follows: Healthy adult rabbits were 
anesthetized and bled. The thyroid was then perfused via the caro- 
tids with normal saline solution, the thyroid being gently massaged 
occasionally, until the perfusate returned clear. The total time of 
perfusion was about 45 minutes. The thyroid was then removed, 
minced and ground in a mortar with prepared sand and normal 
saline... The suspension was permitted to stand overnight, after 


* This work was started by Dr. Paul H, Kanai (who had collaborated in a 
previous study with Doctors Hektoen and Dragstedt) and whose untimely death 
onded his work on an attempt to produce cretinism in utero by thyro-eytotoxie 
serum, He was successful only in showing by the precipitin reaction that the 
antiserum passed through the placenta of rabbits), 

1 Hektoen and Schulhot, 7. am, Med. Assn, 1928, 80, 3886, 

2 Portis, J. Inf, Dis., 1904, 1, 127, 

8 Yates, Univ, Penn, Med, Bull., 1908, 16, 195, 

4 MacCallum, Med, News, 1908, 88, 820, 

5 Hektoen, Kanai, and Dragstedt, J, am. Med, Assn,, 1925, 84, 114. 
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which it was centrifuged slowly to remove insoluble residue. The 
supernatant opalescent fluid was used as the antigen. Aseptic pre- 
cautions were used throughout the various procedures. 

The antigen was injected intramuscularly into healthy adult hens 
at 4-day intervals throughout the period of the experiment. Other 
hens were injected with rabbit serum, the serum of these hens serv- 
ing as a “control serum”. The precipitin titre was determined by 
the ring-test method. When the precipitin titre of the fowls reached 

to 50,000, the serum was used for our experiments. 

Litters of rabbits that numbered 7 or more were used. Injections 
of the “thyro-cytotoxic” serum and “anti-rabbit” serum control 
serum were started when the rabbits were 10 days old and were 
given intraperitoneally to 5 litters every fourth day and later to 3 
litters every second day. Two members of the litter received the 
“‘thyro-cytotoxic” serum from the fowls treated with the thyroid, 
2 received the “control anti-serum” from the fowls treated with 
rabbit serum, and the others were used as untreated controls. 

For evidence of cretinism, the growth curve was followed, and 
— growth of hair after shaving an area on the abdomen 


boty pop 
| 


A, control treated with ‘‘anti-serum’’; B, ‘‘eretin’’ treated with ““thyro- 


eytotoxie’’ serum. 
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Eight litters of rabbits were used. In the first 5 litters, the treated 
rabbits received 1 cc. of the “thyro-cytotoxic” and the ‘control anti- 
serum” sera every 4 days. After from 3 to 6 weeks it was found 
that the rabbits receiving the ‘“thyro-cytotoxic” sera were growing 
faster than the untreated controls and than those receiving the “con- 
trol anti-serum”. 

It was then decided to increase the dose and the frequency of in- 
jection. After some preliminary tests with larger quantities, in 
which 10 ce. of serum proved to be a lethal dose, we chose 3 cc. as 
the dose to be used in another group of young rabbits. At the first 
injection only % ce. of the “anti-sera” was given; then this dose was 
gradually increased to 3 cc. within 2 weeks. After this, occasion- 
ally as much as 4 cc. were given at a single dose, depending on the 
amount of serum obtained from the fowls at a given withdrawal of 
blood. 

This more intensive treatment was given to 3 litters. The growth 
curves are shown in Fig, 1. The 6 rabbits receiving the “control 
anti-serum” survived throughout the period of 12 weeks. Of the 
6 rabbits receiving the ‘‘thyro-cytotoxic serum”, one died at 3 weeks, 
one at 6 weeks, 2 between 8 and 10 weeks, of respiratory infection. 
The remaining 2 survived the 12 week period, After withdrawal 
of the “thyro-cytotoxic sera” in these 2 rabbits, an increase in growth 
rate was evident at about 2 weeks. A marked difference in the rate 
of growth of the abdominal hair after shaving was observed between 
the rabbits treated with ‘“‘thyro-cytotoxic sera’ and the “treated” 
and “untreated” controls. The body hair of the “cretin’’ rabbits 
was lustreless and shaggy. In addition, the cretin rabbits were 
apathetic and their abdomens were ‘‘pot-bellied” in type. They 
manifested all the outward appearances of typical cretins. ‘The 
thyroid glands of the rabbits in this series were examined histolog- 
ically. The thyroids of the “treated” and ‘‘untreated” controls were 
normal. In the cretin rabbits dying prior to 12 weeks, the thyroid 
was so small as to be difficult to find, thus causing us to make a wide 
dissection of the tissue and a careful histologic examination of the 
mass. In one of the 4 animals, a small macroscopic gland was 
found which on histologic examination showed the gland to be 
slightly more cellular than normal. In another, no thyroid tissue 
was found on one side, but on the other the thyroid appeared normal 
histologically. In the other 2, except for the small size, the thyroid 
appeared normal histologically. 

In the absence of metabolic studies, it cannot be stated from the 
evidence obtained that true cretinism was produced, The small 
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Fig. 1. ; 
This figure shows the average growth curve of the 3 litters of rabbits referred 
to in the text. Curve A, the 7 untreated controls; Curve B, the 6 ‘‘treated’’ or 
‘“anti-serum’’ controls; Curve C, the 6 treated with ‘‘thyro-cytotoxie serum.’’ 


size of the thyroids of the cretin rabbits would suggest that the re- 
tarded growth of the body and of the hair was due to failure of the 
thyroid to develop and function normally. Before the mechanism 
concerned may be discussed satisfactorily, “anti-thyroglobulin” 
serum should be used,® particularly in view of Collip’s observations 
pertaining to “anti-hormones’’. Since we are not in a position at 
this time to carry these studies further, we desire to submit the 
factual observations we have made. 


~ @Schulhof, Am. J. Physiol. 1930, 98, 175. 
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Sunmary. A condition simulating cretinism was produced in six 
young rabbits by injecting them intraperitoneally every second day 
with an antiserum (3 cc.) prepared by injecting hens with the pro- 
teins of the thyroid gland that are soluble in normal saline solution. 
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Effect of Male Hormone Extracts, Theelin, and Theelol on the 
Chick Embryo. * 


A. W. KOZELKA anp T. F. GALLAGHER. (Introduced by F. C. Koch.) 


From Whitman Laboratory and the Department of Physiological Chemistry, The 
University of Chicago. 


This report presents the results of a preliminary investigation. 
Eggs from brown and from white leghorns were injected in the 
albumen before or on the third day of incubation with 0.1 cc. of an 
ethylene glycol solution of the substance to be studied. The animals 
surviving on the twentieth day of incubation were killed and the 
tissues fixed for histological study. Comparison was made with 
the tissues of animals injected with the solvent alone. 

The results may be summarized as follows: 

A. Ten standard bird units’ of an extract from human male 
urine prepared by the procedure of Gallagher and Koch* were in- 
jected into each egg. This preparation was contaminated with 6.3 
international rat units of the estrogenic substance always found in 
such extracts. The results on 56 animals were: Normal males 17; 
normal females 21; hermaphrodites 18. This diagnosis rests on 
the presence of a testis and either an ovary or an ovotestis. The 
Wolffian ducts varied greatly in size, ranging from normal (about 
0.3 mm.) to 6 mm. in diameter. No relationship was apparent be- 
tween the gonad and the size of the duct. The Miillerian ducts in 
the females likewise exhibited great variability both between indi- 
viduals and between the 2 ducts of the same animal. Eight of the 
17 males showed some abnormality of the Mullerian ducts. 

* These investigations were made possible in part by a grant from the 


National Research Council and the Rockefeller Foundation. 
1 Gallagher, T. F., and Koch, F. C., Proc. Amer, Soc. Biol. Chem., 1933, VIII, 


_txviii. 


2 Gallagher, T. F., and Koch, F. C., Endocrinology, 1934, 18, 107. 
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B. Ten standard bird units of an extract of bulls’ testicles pre- 
pared by the method of Gallagher and Koch* were injected into 
each egg. The estrogenic contamination in this extract was 13.3 
international rat units. Results based on 51 animals showed a nor- 
mal sex ratio: Normal males 25; normal females 26, and no de- 
tectable changes in the gonads. Only a slight effect was manifest 
on the embryonic ducts. Twenty-five animals injected with 15 
standard bird units of the same extract but freed from estrogenic 
activity likewise resulted in a normal sex ratio: Normal males 12; 
normal females 13, with no differences in the gonads or ducts. 

C. 100 Y crystalline theelin administered to each egg. Re- 
sults on 37 animals: Males 16% (2 appeared abnormal) ; females 
21 (2 appeared abnormal). 

D. 100 Y crystalline theelol injected into each egg. Results 
based on 31 animals: Males 14+ (4 abnormal and 2 doubtful) ; 
normal females 177. 

The histological changes produced by the extracts may be de- 
scribed as follows: The extract of bull testis produced no change. 
The urinary extract injections showed the cortical portion of the 
left gonad apparently normal ovarian tissue while the right gonad, 
and in many cases the medullary portion of the left, were distinctly 
testicular. Theelin and theelol caused a variable degree of replace- 
ment of testicular by ovarian tissue in the periphery of the left testis. 

A comprehensive discussion of the results would be premature at 
this time. However, it is highly suggestive that the extract of bull 
testicles containing a higher concentration of the testicular hormone 
than the urinary extract gave no abnormal results. When we com- 
pare this to the relatively large number of sexually abnormal indi- 
viduals obtained by treatment with urine extract, we are confronted 
with 2 possibilities. Either we have discovered a biological differ- 
ence between the male hormone obtained from urine and that ob- 
tained from bull testicles comparable to the chemical difference 
discovered by Gallagher and Koch* or we are dealing with a new 
biologically active substance found in urine and not in testicles. 

Further work, now in progress, may clarify the complex situa- 
tion with which we are dealing. 


3 Gallagher, T. F., and Koch, F. C., J. Biol. Chem., 1929, 84, 495. 
¢ Four animals were killed on the fourteenth day. 

+ Two males and one female were killed on the fourteenth day. 

4 Gallagher, T. F., and Koch, F. C., J. Biol. Chem., 1934, 104, 611. 
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Effect of Adrenalin on Insulin Sensitivity of Partially Adrenal- 
ectomized and of Hypophysectomized Dogs. 


B. O. BARNES, A. S. DIX, anp J. M. ROGOFF. 


From the Department of Physiology, University of Chicago, and The Laboratory 
of Experimental Medicine, Western Reserve University. 


In a previous report’ it was pointed out that after partial adrenal- 
ectomy in dogs, the animals became abnormally sensitive to insulin 
similar to that which is observed after hypophysectomy. This study 
was undertaken to see if adrenalin injections would delay or pre- 
vent the insulin convulsions in partially adrenalectomized and in 
hypophysectomized dogs. Adrenalin was injected intravenously at a 
constant rate for a period of 2 hours or less following a single in- 
jection of insulin intravenously. The adrenalin was diluted in sterile 
saline to a concentration such that one cubic centimeter per kilogram 
of body weight per hour would contain the desired quantity. After 
adrenalin was discontinued the dogs were observed for several 
hours for indications of hypoglycemia. Blood sugars were some- 
times estimated at intervals during the experiment. 

Seven dogs were used in which the dosage of insulin causing con- 
vulsions had been carefully determined. A dose of insulin was se- 
lected for each animal which consistently produced convulsions in 
less than 2 hours, usually within one hour. In 3 animals with both 
adrenals denervated and most of the medullas destroyed, this dose 
of insulin could be increased 2-4 times without causing convulsions 
during the injection of adrenalin. In one case, although the animal 
appeared normal when the injection of adrenalin was stopped at the 
end of 2 hours, convulsions occurred later. In 2 animals one adrenal 
had been removed and the other denervated with extensive destruc- 
tion of the medulla. These animals reacted similarly to the 3 pre- 
vious ones, one receiving 5 times his usual convulsive dose without 
showing evidence of hypoglycemia. Two animals which had been 
hypophysectomized several months before were quite sensitive to 
insulin. Injections of less than 0.5 unit per kilo regularly produced 
convulsions. During the administration of adrenalin these animals 
were able to tolerate much larger doses of insulin, although they 
were more likely to show convulsions when the adrenalin injection 
was stopped than the animals with impaired adrenal medulla. 


1 Barnes, Scott, Ferrill and Rogoff, Proc. Soc. Exp. Biot. AND Mep., 1934, 
31, 524. 
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A discussion of the antagonism existing between insulin and 
adrenalin will not be given in this preliminary report. Adrenalin 
dilutions were made only at the beginning of an experiment and it is 
not known how much deterioration occurred. However, the rate 
of injection at the beginning of the experiment was within the range 
of epinephrine secretion found by Stewart and Rogoff* in blood 
coming from the adrenal glands (0.00015-0.001 mg. per kilo per 
minute). More experiments are being conducted, but our results so 
far seem to indicate that the hypophysectomized animals require 
more adrenalin to prevent convulsions following insulin than animals 
subjected to suppression of epinephrine secretion from the adrenals. 
Further, it would seem probable that the hypophysectomized animal 
does not liberate effective amounts of adrenalin during insulin 
hypoglycemia. 
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Studies of Renal Excretion of Creatinine. 
II. Volume of Distribution. 


R. DOMINGUEZ. 


From the Laboratories of St. Luke’s Hospital, Cleveland, Ohio. 


By studying the time change of the concentration of a substance 
in the plasma and of its simultaneous rate of excretion in the urine, 
the conclusion has been reached’ * that both these quantities de- 
crease exponentially to the pre-ingestion level and furthermore, that 
the coefficients of the time in both exponential functions are equal, 
on an average, for a given substance. From these 2 facts it follows 
that the rate of excretion of a substance obeying such laws is pro- 
portional to the plasma concentration at any time. The above state- 
ments have been verified so far only for creatinine and xylose. 

In symbols we have 


y = ae (1) 
bee (2) 
t= (3) 
ima AE (4) 
A = (a/b) (5) 
7 = Y= Ye (6) 
é = 4 — Xe (7) 


2Stewart and Rogoff, Am. J. Physiol., 1919, 48, 397. 

1 Dominguez, R., and Pomerene, E., J. Biol. Chem., 1934, 104, 449. 

2 Dominguez, R., and Pomerene, E., Proc. Am. Physiol. Soc., New York, 
March, 1934. 
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where y is the rate of excretion in mg. per minute, 4 the plasma con- 
centration in mg. per 100 cc., ye and +e the mean pre-ingestion levels 
of y and + respectively, a, b, a, and 8, constants determined from the 
experimental data, e the base of natural logarithms, and ¢ the time in 


‘hours. 


Equations 5, 6, and 7 are simply the definitions of A, 7 and &; 
Equations 1 and 2 are the empirical laws mentioned above; Equa- 
tion 3 is an empirical fact, proved so far for creatinine and xylose, 
and Equation 4 is the result of the elimination of ¢ between Equa- 
tions 1 and 2. 

A has been called the excretion constant.’ It has the dimensions 
of flow [1’t*], and is measured in units of 100 cc. per minute. £ has 
the dimension [t*], and is, from Equation 2, the velocity constant of 
the disappearance of the substance from the body. It will be called, 
for the sake of brevity, the velocity constant. 

When a substance is introduced into the blood stream a part passes 
out of the blood vessels and distributes itself in the tissue fluids. In 
the case of substances which are excreted (wholly or in part) this 
phenomenon is reversible, so that a state of equilibrium can be pos- 
tulated. Under the assumption that equilibrium is maintained dur- 
ing the exponential decrease of excretion, the volume of body fluid 
dissolving the substance at the same concentration as the plasma, 
can be calculated. This volume will be called the volume of distribu- 
tion (V), without any implication as to the actual distribution of 
the substance. 

In order to include the case of substances such as xylose and 
creatinine, which are in part excreted by the kidney and in part dis- 
posed of in some other way, the calculation will proceed as follows: 

Let us call Az a small amount of substance excreted by the kidney 
in the time At, and Aw a small amount of the same substance re- 
moved from the body in the same time by any means consistent with 
the developments that follow. Then, evidently, 

ae A 8 

eat 100 dt ; e 
where V is the volume of distribution and € is, as before, the con- 
centration of the substance. The minus sign is due to the fact that 
as time elapses the concentration diminishes. If the time At is 
assumed sufficiently small, Equation 8 can be written 

dz du V dé 

—+—=——— (9) 
dt dt 100 dt 
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Here, (dz/dt) is equal to the former 7. It is, therefore, propor- 
tional to (Equation 4). If we assume that (du/dt) is also pro- 
portional to é, 


du 
—= = Bé (10) 
dt 


where the proportionality factor B may be called utilization constant 
for lack of a better name, we have, by substituting in (9), 


V dé 
Ag + BE = ———— (11) 
The integration of this equation gives 
100(4 + B) 
i ce ae ae (12) 


where c is the constant of integration. 

This equation is of the same form as the empirical result symbo- 
lized in (2). 

Comparison of the coefficients of t in (2) and (12) gives 

V = 6000(A + B)/B (13) 
the factor 60 arising from the fact that the rate of excretion per 
unit concentration (A) has been measured in minutes while the rate 
of change in concentration per unit concentration (8) has been 
determined in hours. With a suitable change in units the factor 
6000 may be made to disappear. Equation 13 then signifies: The 
volume of distribution of a substance is proportional to the sum of 
its rate of excretion plus its rate of utilization (both per unit con- 
centration), and inversely proportional to the velocity constant of its. 
elimination from the body. Since, for any given subject, 4, B, and 8 
depend on the substance used, it is clearly worthless to speculate on 
the distribution of a substance in the body simply from a knowledge 
of the plasma concentration and an assumed percentage of body 
fluids. 

Since A and B have the dimensions [l*t*] and 6 has the dimen- 
sion [t”], the right hand side of Equation 13 has the dimension [1°], 
as it should. 

In view of the importance of the relation symbolized by Equation 
13, in connection with the physiology of excretion and absorption, it 
should be pointed out that the hypothesis leading to this result, name- 
ly, that the utilization (or disposal) of the portion of the substance 
not excreted by the kidney proceeds at a rate proportional to the 
plasma concentration, is not only consistent with experiment, as 
already shown, but is the only hypothesis consistent with it. This 
can be proved as follows: 
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Let the rate of utilization be any function of é, say, f(€) 


du 
— = f(é) (14) 
dt 
Then Equation 9, with the help of (4), becomes 
V dé 
Bo) =———— (15) 
100 dé 


But, from experiment, (2) holds, which upon differentiation with 
respect to ¢t, yields, 


. i ~/60 16 
. = Ae a (16) 


y Substituting this expression for (dé/dt) in (15) and rearranging, 
we obtain 

f(€) = [(VB/6000) — A]é (17) 
, that is, since the expression within brackets is constant for a given 
substance, the rate of utilization must be proportional to the plasma 
concentration in order to satisfy the experimental result represented 
> by (2), which was to be proved. Substituting in (17) the value of 
| V from (13), we see that the factor of proportionality is precisely 


From (13) it follows that, in the case of a substance which is not 
destroyed in the body, (B = 0), the volume of distribution becomes 
‘ simply 
V = (6000A)/8 (18) 
: provided—and this is essential—that the substance is solely and 
entirely eliminated by the kidneys. This provision is necessary © 
, because in the derivation of V nothing was assumed concerning any 
of the various means of disposal, one of which may be excretion 
Be « through another emunctory. In this case, although the substance 
would not be utilized in the body, Equation 18 would not apply, 
q because B, with the meaning of another excretion constant, would 

not be zero. 

We shall show in the following paper how the utilization constant 
B can be calculated. 
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Studies of Renal Excretion of Creatinine. 
Ill. Utilization Constant.* 


R. DOMINGUEZ. 
From the Laboratories of St. Luke’s Hospital, Cleveland, Ohio. 


In the preceding paper it was shown that, when a substance dis- 
appears exponentially from the body, and the rate of excretion by 
the kidneys is proportional to the plasma concentration, the rate of 
utilization of the portion not excreted is also proportional to the 
plasma concentration. The latter factor of proportionality was 
called utilization constant (B), in contradistinction to the former, ex- 
cretion constant (4). The constant A for creatinine and xylose on 
one human subject has been published elsewhere. The calculation 
of B is as follows: 

Let us call & the initial concentration at the time zero. Then the 
quantity initially present, M let us say, is 

M = Vé,/100 = 60(A + B)é./B ~ (19)* 
The amount excreted in the time ¢ is, from (1), 
t 
frat = (60/a) (ym, — 7) (20) 
o 
the subscripts 9 and ¢ meaning as usual the value of the variable at 
zero time and time f¢ respectively. 


The latter equation, written in terms of € becomes, 
t 


fat = (604/a)(G— 8) (21) 
oe 
Therefore, since a = 8, 
f 
au —{ nat = (60/a) (BE, + Ae) (22) 
oe 
Since the integral in this equation has a limit, S say, 
f ait = {eA S (23) 
oe 
we see that : 
M — S = (60/a)Bé, (24) 


= Tn order to save space the equations of this paper and the one preceding are 
numbered in sequence. 
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~ and consequently, that 
(Af — S)/S = (B/A) (25) 


(S/M) = A/(A + B) (26) 
An approximation to the ratios on the left side of (25) and (26) 
has usually been obtained experimentally by comparing an amount S 
excreted in a sufficiently long interval of time to a quantity MW 
given orally, or to the quantity M, precisely, given intravenously. 
The ratio (S'/M’) aiter oral administration would be an approxi- 
mate value of (S/M) in (26) if it could be assumed that ai/ the 
quantity given is absorbed. The ratio (SM) after intravenous in- 
jection could also be used as an approximation if it were proved 
that the amount excreted before the equilibrium between plasma and 
tissues is established, is negligible in comparison with the total 
amount excreted, 
Lacking definite information on these points, we shall use a few 
figures from the literature in order to get an idea of the order of 
magnitude of the volume of distribution of creatinine and xylose. 
‘ue It should be pointed out that the “characteristic ratio” of McCance 
and Madders’ is (M—S')/S’, where M is the quantity of pentose 
injected intravenously. 

For creatinine, the figures for (S’/M") have rarely been higher 
than 0.80.* Our own figures for Subject E* yield a mean ratio 
(S'/M’) equal to 0.73. Inasmuch as the approximation to (S/M) 
after oral administration is by defect, we shall take (S/W) = 0.80 

For xylose, the figures are very discordant, ranging, after intra- 
venous injection, between 0.25,* and 0.62... The mean of McCance 
\‘ and Madders’ experiments is 0.41. We shall use this figure. 

From (26), taking the above values of (S/M) and the values of 
A previously given for Subject E,** namely, 1.82 for creatinine 
and 0.77 for xylose, we find that the utilization constant, B, of 
creatinine is equal to 0.46 and that of xylose 1.06, which enables us 
to caleulate the corresponding volumes of distribution in Equation 
13 of the preceding paper. 

The volume of distribution of creatinine and xylose. With the 

1 MeCanee, R., and Madders, K., Biochem. J., 1930, 24, 795. 

2 For literature see: Hunter, A., Physiol, Rev, 1922, 2, 586. 

3 Dominguez, R., and Pomerene, E., J. Biol. Chem., 19384, 104, 449. 


4 Fishberg, E. H., and Priedfeld, L., J. Clin, Invest., 1932, 11, 501. 
5 Keith, N. M., Power, M. H., and Peterson, R. D., Proc. Stag’ Meetings, Mayo 


Clinie, 1934, January 17, 43. 
6 Dominguez, R, and Pomerene, E., Proc. Am, Physiol. Soe, New York, 


152 CREATININE EXCRETION 


assumed values of B just given, the volume of distribution, in Sub- 
ject E, with a body weight of 45 kg., becomes for creatinine, 

V = 6000(1.82 + 0.46) /0.29 = 47.2 X 10% cc, 
and for xylose, 

V = 6000(0.77 + 1.06),/0.5756 = 19.1 & 10° cc. 
Seeing that the volume of distribution of creatinine, if considered 
as water, is equivalent to the weight of the whole body, it is at once 
evident that there must be condensation of creatinine in the tissues, 
whether creatinine is uniformly distributed or not. 

The large volume of distribution of creatinine clears up some of 
the difficulties of Heesch and Tscherning,’ who, after stating that 
the excretion of creatinine is less dependent on renal activity than 
the excretion of phenolsulphonphthalein, say, “Vielmehr spielen 
die Gewebe hier die fast Ausschlaggebende Rolle; die Rtickwan- 
derung aus ihnen bestimmt das Tempo der Ausscheidung, ohne das 
Blut and Niere erkennbar an der Ausscheidung Anteil nehmen.” If 
we should inject 500 mg. of creatinine intravenously in Subject E, 
and assume equilibrium to be reached so soon after injection that the 
amount excreted during this time can be neglected in comparison 
with the whole amount excreted, the initial concentration at equili- 
brium would be 500/376 = 1.33 mg. per 100 cc., and the concentra- 
tion at the end of an hour (the duration of the interval in Heesch 
and Tscherning’s experiments), 0.995 (from Equation 2 and a= 
0.29). The amount excreted in an hour would be, from (21), 
126 mg. plus the endogenous amount (60 X 0.724), namely, 169 
mg. of creatinine, a quantity which corresponds to a fall in plasma 
concentration from 2.37 (1.33 plus the endogenous blank, 1.04) to 
2.04 (0.995 plus the endogenous blank). That is to say, on account 
of the small quantity injected and the large volume of distribution 
of creatinine, the changes in concentration are not recognizable be- 
cause they lie within the province of the experimental error. 

Whether the rate of the fall of plasma concentration is due mostly 
to the release of creatinine from the tissues and to a lesser degree to 
the excretory ability of the kidney, the experiments of Heesch and 
Tscherning are insufficient to determine. Yet, if creatinine is so 
readily taken up by the tissues and the process is reversible, there is 
no @ priori reason why the tissues should not give it off just as 
readily, in which case the tempo of the excretion will be determined 
by the excretory activity of the kidneys, the tissues acting only as a 
reservoir so to speak. 


7 Heesch, O., and Tscherning, R., Z. f. Klin. Med., 1920, 104, 277. 
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From (21) we see also that when the plasma concentration of 
creatinine is 20 mg. per 100 cc. the amount of creatinine in Subject 
E is at least (B assumed equal to zero) (60 1.82 & 20)/0.29 = 
7531 mg., while with the same plasma concentration the amount of 
xylose in the body would be (B assumed equal to 0.46) (60 (0.77+- 
0.46) X 20)/0.5756 = 3815 mg. Since (under the assumptions 
concerning the values of 5) the entire quantity of creatinine is to 
be excreted by the kidneys, but only about 41% of the amount of 
xylose, the behavior of these 2 substances as illustrated elsewhere 
(Fig. 1)* becomes easily understandable. 

This fact also accounts for the large value of the excretion con- 
stant of pentoses as estimated by McCance and Madders.* Having 
no way to compute the volume of distribution, these authors as- 
sumed a volume much too large (60% of the body weight instead of 
42%), and as a result the excretion constant (which they called 
“glomerular filtrate” after Rehberg) came out about as large as 
that of creatinine. 

Application to the excretion constants. With the help of (9) 
and (11), we can write 


dz du 
ee ofa ee (CB (27) 
dt dt 
where C is equal to (A +8). This equation may be looked upon as 
the completed relation connecting the concentration of the sub- 
stance in the plasma with the two processes (excretion and utiliza- 
tion) whose simultaneous transaction leads to the eventual elimina- 
tion of the substance. 
Equation 27 can be written 


d(z + u) 
ie (28) 
a 
or, introducing the symbol w for the total amount disposed of, 
dw 
—-—Cé (29) 
dt 


In this equation the rate of excretion and the rate of utilization 
are merged into one rate of disposal, and the question which im- 
mediately arises is, would C remain constant under varying states of 
utilization? In other words, if B can be varied, would the equation 
A+B=C hold, with a constant value of C. If this were the 
case 4 would vary in the opposite direction, which would amount 
to a new definition of renal threshold. The interesting observation 


8 Dominguez, R., and Pomerene, E., J. Clin. Invest., in press. 
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of Shannon, Jolliffe and Smith’ that, in the dog, a change in the diet 
alters the value of A, would be easily accounted for by the above 
hypothesis. As a matter of fact, since the case of xylose is only a 
particular instance of the general utilization of sugar, we see that 
when the coefficient of utilization of glucose is large, as in normal 
people, the value of A is practically zero, but when the utilization of 
glucose diminishes, as in diabetes, the value of A becomes positive 
and quite large. 

The excretion constant, being subordinated to the more general 
phenomenon of disposal, in a large sense, loses part of its signifi- 
cance in renal physiology in the case of substances which, like crea- 
tinine and xylose, are in part utilized in the body and in part ex- 
creted, 
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A Case of Myeloid Leukemia Treated with Luminal and 
Amidopyrine. 


M. 0. TERRY anp A. O, SANDERS. (Introduced by E. W. Schultz.) 
From the U. 8S, Veterans Hospital, Palo Alto, California, 


On September 15, 1933, a male negro 37 years old was admitted 
to the medical service with the diagnosis of myeloid leukemia. His 
leucocyte count was 267,000 per cu. mm. and his spleen came to the 
level of the umbilicus. 

Four treatments by splenic irradiation in doses of 145 r, beginning 
October 6, brought the count down to 156,000.. This effect was 
transitory; on November 21 the count was 269,000 and there was 
no reduction in the size of the spleen. 

From November 21 to March 7, 1934, the patient was given sub- 
cutaneous injections of his own leucocytes, each injection consist- 
ing of the cells recovered from 10 ce. of his blood taken in citrated 
salt solution the day before injection. This treatment, based on 
an encouraging report by Lindstrom' and previously used by one of 
us (M.C.T.) with apparent benefit in 2 unpublished cases, was with- 
out avail in the case here reported, the count continuing to rise until, 
on March 7, it was 500,000 with the spleen as large as before. 

Beginning March 8 four small doses of X-ray irradiation (72 r) 
9 Shannon, J. A., Jolliffe, N., and Smith, H., dm. J. Physiol., 1982, 101, 625. 
1 Lindstrom, G., Arch. dw mal dw coeur, 1921, 14, 145. 
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were given over the chest and long bones. The irradiation of March 
30 was immediately preceded by the last of the leucocyte injections, 
the rays being directed to the injected area. Under this treatment 
the count declined to 160,000 but on March 31 it had risen to 
294,000, The last X-ray treatment was given April 6. 

At this time reports were appearing of cases of granulopenia 
apparently due to the use of luminal and amidopyrine and it occurred 
to us that this combination of drugs might be of value in the treat- 
ment of myeloid leukemia, with its enormous increase of cells of the 
granular type. Accordingly we gave our patient a total of 6 grains 
of luminal and 20 grains of amidopyrine in 4 doses from April 11 
to April 13. We repeated these drugs in the same quantities begin- 
ning May 2 and again beginning May 9. Beginning May 14 we 
gave 6 grains of luminal and 20 grains of amidopyrine daily for 4 
days. 

No untoward symptoms have appeared. Clinically the patient has 
improved. He has gained 4 pounds in weight in spite of great re- 
duction of the spleen which, not noticeably affected by previous ther- 
apy, was observed on April 16 to be only one-fourth its former size, 
There is no edema. ‘The spleen is now barely palpable below the 
ribs and percussion indicates that the upper border is not above the 
normal position. 

The leucocyte count subsequent to beginning treatment with 
luminal and amidopyrine has been as follows: April 13, 104,800; 
April 20, 188,800; April 27, 75,000; May 6, 67,600; May 14, 
66,900; May 16, 64,500; May 17, 66,500. Treatment was dis- 
continued May 17. Since that date the leucocyte count has been as 
follows: May 19, 80,000; May 25, 17,900; May 29, 20,200; June 
2, 22,900; June 6, 23,050; June 12, 25,550, 

As the count fell it was seen that the cells most affected were the 
myeloblasts and the myelocytes the percentage of which, in stained 
slides, decreased with a corresponding percentage increase of the less 
immature and the normal polymorphonuclear neutrophiles. 

Whether luminal and amidopyrine in dosage yet to be determined 
may be useful in myeloid leukemia is merely suggested by this case. 
That they may have some effect is not unlikely, owing to their close 
relation to benzol. 

The authors of recent articles have observed that luminal and 
amidopyrine and the like can hardly be the sole cause of granulo- 
penia in the cases connected with the taking of those drugs and that 
an individual peculiarity must be concerned. Reports from mental 
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hospitals where these drugs have been given for years should be of 
value on this point. 

It may be that only in exceptional cases of myeloid leukemia 
would luminal and amidopyrine have the effects we have seen in our 
patient. On the other hand a series of cases may disclose some 
peculiarity of the same order in the victims of myeloid leukemia and 
in those apparently normal persons who are so remarkably affected 
by the drugs under consideration. 
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Effect of Urine of Castrate Women on the Female Guinea Pig. 


SAMUEL L. LEONARD. 
From the Department of Biology, Union College, Schenectady, N. Y. 


The failure of pregnancy urine to produce morphological changes 
in the ovaries of guinea pigs similar to those produced in rats has 
been recognized by Jares,* and Selye et al.” In view of tae recent 
discovery that the hormone in the urine of castrate women is dif- 
ferent from that in pregnancy urine when tested on hypophysecto- 
mized female rats (Leonard and Smith*), it seemed of interest to 
compare their effects on the female guinea pig. 

Five guinea pigs ranging from 120 to 250 gm. in weight were 
injected subcutaneously for 5 to 8 days with an extract of urine of 
a castrate woman.* The amounts used, based on the equivalents 
of whole urine, varied from 150 cc. to 400 cc. For controls, either 
one ovary was removed before treatment was begun (3 cases) or 
comparisons were made with the ovaries of uninjected pigs of sim- 
ilar size. (2 cases.) Two other guinea pigs were treated with 
100 R.U. and 500 R.U. of pregnancy urine extract. The ovaries, 
thyroids, adrenals and uterus were weighed at autopsy and the 
ovaries were sectioned for further study. 

In all cases, the ovaries of the animals receiving the urine of cas- 
trate women increased in size and showed very marked follicular 
development. For example, in 3 young guinea pigs, the control 


1 Jares, Anat. Rec., 1931, 49, 185. 

2Selye et al., Proc. Soc. Exp. BioL. anD Mmp., 1933, 30, 780. 

3 Leonard and Smith, Proc. Soc. Exp. Bion. AnD Mzp., 1933, 31, 283. 

* Acknowledgment is made to Drs. H. Kellert and H. Grice of the Ellis Hos- 
pital, Schenectady, for their codperation in securing the urine. 
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ovaries weighed 29.6 mg., those of the animal receiving 200 cc. 
equivalent of urine weighed 39.6 mg., and those of the animal re- 
ceiving 400 cc. equivalent weighed 80.3 mg. 

The uteri in all cases were markedly enlarged and the vaginas 
were open. In the ovaries of the largest animal, corpora lutea were 
found, none being present in the controls. Thyroids and adrenals 
were not significantly increased in size. 

These results, while not based on a large number of animals, were 
all consistent in producing the follicular stimulating effect which is 
characteristic of such urines and is in marked contrast to the effects 
of pregnancy urine. The guinea pig, like the hypophysectomized 
rat, can be used qualitatively to differentiate the urinary gonado- 
tropic hormones. 
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Studies on Ovarian Inhibiting Action of Certain Pituitary Extracts. 


SAMUEL L. LEONARD.* 
From the Department of Biology, Union College, Schenectady, N. Y. 


It has been amply demonstrated that hypophyseal extracts con- 
taining the growth principle will prevent the gonad-stimulating ac- 
tion of hypophyseal or pregnancy urine extracts in immature or 
hypophysectomized rats (Smith, Evans, Reiss and Leonard). This 
inhibitory action was first ascribed by Evans and his coworkers to 
the growth hormone but later work led them to abandon their orig- 
inal thesis. Investigations along similar lines also indicated that 
the growth hormone is not the antagonistic principle. Results ob- 
tained on the study of this reaction constitute this report. 

Sexually immature female rats were given 10 R.U. of pregnancy 
urine extract (Antuitrin S)+ subcutaneously, which approximately 
doubled the weights of the ovaries in 5 days. Littermates which 
were concurrently injected with pregnancy urine and extracts of 
beef and sheep pituitaries containing growth hormone (doses 1 cc. 
to 5 cc.) prepared after the method of Van Dyke,* failed to show 

* Most of this work was done as a National Research Fellow at the College of 
Physicians and Surgeons, Columbia University, 1931-1933. 

+ Acknowledgment is made to Parke Davis & Co., Squibb & Co., and the 


Wilson Laboratories for materials used in these experiments. 
1 Van Dyke, J. Pharm. Exp. Therap., 1930, 40, 413. 
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the increase in weight of the ovaries. The repressing effect of the 
pituitary extracts upon the stimulated ovaries was also revealed by 
the infantile uteri and the closed vaginas of the young animals. 
For example, the average ovarian weight of 4 rats in one litter 
treated with Antuitrin S was 24.3 mg., the average of 4 littermates 
treated in the same manner plus the hypophyseal extract was 13.6 
mg., a decrease of 44%. The uteri weighed 66.7% less and the 
vaginas of this latter group failed to open.{ In testing the various 
pituitary fractions for inhibition and in each of the subsequent 
tests, no less than 12 animals were used, 6 receiving the pregnancy 
urine and 6 receiving the combined injections. An ovarian weight 
of 15 mg. was taken for the uninjected controls which is the average 
size for immature rats of similar age in the colony. 

The inhibiting pituitary fraction was administered intraperiton- 
eally because subcutaneous injections with pregnancy urine usually 
resulted in “augmentation” in the size of the ovaries due to the 
presence of the hypophyseal gonadotropic hormone. The gonado- 
tropic hormones are not as effective when given intraperitoneally 
(unpublished data) and failed to produce the increased gonado- 
tropic effect, presumably because of the hasty elimination resulting 
from this method of administration. 

Of 2 samples of growth hormones from proprietary sources, both 
of tested potency, one failed to inhibit the action of Antuitrin S in 
doses up to 5 cc., and the other repressed the ovaries in doses of 
lec. to3cc. The extract which was more potent for growth failed 
to inhibit. The ability of a pituitary fraction to repress the devel- 
opment of a stimulated rat ovary is apparently independent of its 
growth hormone content. 

Further studies on the nature of the inhibiting substance revealed 
that it was destroyed by boiling but not by precipitation with alco- 
hol. When adult female rats were injected intraperitoneally with 
the several preparations containing growth hormone, it was observed 
that the ovaries increased in size instead of becoming smaller. In- 
terestingly, the preparation which gave the best inhibition produced 
the heaviest ovaries in the adult rats. This seems to indicate that 
the properties of the inhibiting substance are more like those of the 
gonadotropic hormones. Experiments are being pursued at present 
to test this assumption. 


¢ Over 150 animals were used in these experiments, using only littermates for 
controls. 
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Effectiveness of Vitamin D in Infancy in Relation to the Vitamin 
Source. 


P. C. JEANS anp GENEVIEVE STEARNS. 


Department of Pediatrics, State University of Iowa, Iowa City. 


This report concerns the preliminary findings regarding the utili- 
zation by the human infant of vitamin D from different sources. 
The criterion chosen was the quantity of calcium retained by well 
infants given the same amount of milk and the same rat unitage of 
vitamin D. Irradiated evaporated milk containing 50 units,* and 
evaporated milk containing the unsaponifiable fraction of cod liver 
oil (Zucker concentrate) allowing 150 units per quart of recon- 
stituted milk respectively, were compared with evaporated milk plus 
vitamin D given separately as a cod liver oil containing 40 units of 
D per gram. The Zucker concentrate milk was mixed with plain 
evaporated milk, and the quantities of cod liver oil were so chosen 
that the vitamin D unitage of each diet was constant for any given 
intake of milk, and was regulated by the amount present in the 
irradiated milk. The youngest infants received only 22 units daily, 
but by 16 weeks of age, all the infants were ingesting approxi- 
mately 50 units of D daily. The plan of study was to give each of 
the 3 experimental diets to a group of infants of the same age and 
milk intake; after a period of about 6 weeks, the diets were changed 
so that each infant received each diet in turn. At the beginning of 
the study, 3 infants were from 5 to 8 weeks of age; 3 from 16 to 
24 weeks; and one infant a year old was given each diet in turn. 

The relations observed between calcium intake and retention per 
kilogram body weight are shown in the chart. The source of 
vitamin D used in each experiment is indicated by the different 
symbols. The line shows the average curve of retention :intake 
obtained from over 200 experiments upon infants having the same 
age range and milk intakes, but given approximately 125 units of 
vitamin D daily in the form of cod liver oil. The range of results 
in the present series tends to show that no source of vitamin D 
studied differed materially from the others in its effect upon the 
calcium retention. The quantity of retention observed in the group 
as a whole averaged about 10 mg. per kg. lower for any given milk 


* The amount of vitamin D is recorded in terms of Steenbock units through- 
out. The unitage of all 3 sources was verified by assay. 
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intake than the retentions observed in previous experiments with in- 
fants given larger amounts of vitamin D. No evidence of clinical or 
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roentgenological rickets has been observed in any infant, although 
one baby has shown some evidence of decreasing bone density. The 
rate of growth in length of the group was definitely lower than the 
average growth of the infants given larger amounts of vitamin D. 

The findings in this preliminary study indicate that for well in- 
fants, the amount of calcium retained from a given intake of milk 
will be determined in part by the quantity of vitamin D ingested, 
and that a given rat unitage of this vitamin from any one of the 
3 sources studied is equivalent to the same rat unitage from either 
of the other 2 sources. 
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Dinitrophenol in Diet, on Growth and Duration of Life of the 
White Rat.* 


M. L. TAINTER. 


From the Department of Pharmacology, Stanford University School of Medicine, 
San Francisco, Calif. 


In connection with the present extensive clinical use of dinitro- 
phenol (2-4 or alpha) in treating metabolic disorders or obesity, an 
important problem is the possible influence of the drug on the rate 
of growth and duration of life. Experiments on this problem have 
been in progress for 18 months in this laboratory and may be re- 
ported in a preliminary way now. 

Three separate series of feeding experiments are being con- 
ducted, using white rats from the same strain. The rats are fed a 
standard adequate diet, to which are added the required amounts 
of alpha dinitrophenol with thorough mixing to ensure homogeneity. 
Food and water consumption and weights of rats are recorded at 
3-day intervals. The rats are divided into groups of 5 or 6 and 
given the dinitrophenol in concentrations ranging from 0.0002 to 
0.24%, starting shortly after weaning. 

All the rats on 0.24% died before the 90th day, and 3 of those on 
0.12% died by the 275th day. The lower concentrations were well 
tolerated as far as fatalities were concerned. Inspection of Table I 
shows that there was a small degree of slowing of rate of growth in 
the higher dosage groups. The greatest retardation at any time, 
with concentrations of 0.08% or less, was never more than 19%. 


* Supported in part by a grant from Rockefeller Fluid Research Fund of the 
School of Medicine, Stanford University. 
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TABLE I. 
Effect of Various Concentrations of Alpha Dinitrophenol in Diet on Growth of 
White Rats. 
Concentration No. 

of Rats =————————— Aver. Wt., Ga... ————_- 
Dinitrophenol in 50 100 150 250 350 450 
in Diet Group Start days days days days days days 
Control 5 25 166 236 268 298 296 318 
0002 % 5 24 152 222 252 280 296 312 
001 % 5 24 140 224 260 290 290 335 
.005 % 5 24 136 220 255 274 281 323 
Control 6 35 185 258 296 354 368 375 
001 % 6 3 175 259 292 346 380 379 
005 % 6 34 169 254 294 347 376 396 
01 % 6 33 162 250 278 294 350 357 
02 Y 6 34 150 242 275 305 364 372 

Control 6 3 150 207 233 273 275 

02 % 6 36 159 226 240 285 329 

04 % 6 34 143 197 207 255 292 

06 % 6 33 135 191 207 232 262 

08 % 6 31 125 176 202 239 255 

12 % 6 35 112 167 181 217 255 

24 % 6 32 60 all dead 


The final weights of the surviving animals do not vary significantly 
from the weights of the controls. 

The metabolic rates of these rats, their food and water intakes, 
duration of life, pathologic changes in tissues, etc., will be presented 
in detail at the conclusion of the study. 

Conclusions. Alpha dinitrophenol, added to the diet of white rats 
in up to maximum non-fatal concentrations, slowed down the rate 
of growth not more than about 19%, and did not significantly 
modify the body weight reached at the end of from 350 to 450 days, 
or in about % to % the span of life. 
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Cultivation of Facultative Acid-Fast Bacteria from Filtrates of 
Leprosy. 


ERNEST LINWOOD WALKER anp MARION A. SWEENEY. 


From the George Williams Hooper Foundation for Medical Research, University 
of California, San Francisco, California. 


Bacteriologists and leprologists generally have regarded the facul- 
tative acid-fast organism cultivable from leprosy as a contaminant 
or a secondary invader of leprous lesions. Our filtration experi- 
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ments with leprosy have been undertaken to exclude such adventi- 
tious organisms. Of 50 filtrates from rat leprosy through tested Seitz, 
Berkefeld N and W, and Chamberland L, and L, filters 16 gave 
positive cultures, while of 2 filtrates of human leprosy through Berke- 
feld N and W candles, the one through N gave a positive culture. 
These cultures from filtrates were in every case a pleomorphic and 
facultative acid-fast organism identical with the one cultivable di- 
rectly from leprous lesions of the rat and man. 

While it has been demonstrated by direct microscopic examina- 
tion of centrifugal precipitates of filtrates that an occasional acid- 
fast bacillus, among the myriads present in a suspension of the or- 
ganism, may pass through the pores of tested bacterial filters,’ the 
probability of a chance contaminant or a microscopically unrecog- 
nizable secondary invader passing the filter in such a large propor- 
tion of the filtrates seems remote. Therefore, the repeated cultiva- 
tion of this facultative acid-fast organism from filtrates of leprous 
tissues of the rat and man appear to furnish some support of the 
etiologic and endemiologic theories of leprosy advanced by us.’ 
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Chronic Toxicity of Dinitrophenol: Renal Function.* 


T. L. SCHULTE anp M. L. TAINTER. 


Prom the Department of Pharmacology, Stanford University School of Medicine, 
' San Francisco. 


In connection with the clinical use of alpha dinitrophenol (2-4),' 
it is important to know whether administration over long periods of 
time will produce changes in the functions of vital organs. Previous 
papers’ from this laboratory contain limited data on this problem. 
This, paper deals with the results of experiments designed to deter- 


1 Walker, E. L., and Sweeney, M. A., J. Infect. Dis., 1934, 54, 182. 

2 Walker, BE. L., J. Prev. Med., 1929, 3, 167; Walker, E. L., and Sweeney, 
M. A., J. Prev. Med., 1929, 8, 325. 

* Supported in part by a grant from the Rockefeller Fluid Research Fund of 
the School of Medicine, Stanford University. 

1 Cutting, W. C., Mehrtens, H. G., and Tainter, M. L., J. Am. Med. Assn., 1933, 
101, 193; Tainter, M. L., Stockton, A. B., and Cutting, W. C., J. Am. Med. Assn., 
1933, 101, 1472; Cutting, W. C., and Tainter, M. L., J. Am. Med. Assn., 1933, 
101, 2099; Tainter, M. L., and Wood, D. A., J. Am. Med. Assn., 1934, 102, 1147. 

2 Tainter, M. L., Boyes, J. H., and DeEds, F., Arch. Internat. de Pharm. et de 
Therap., 1933, 45, 235; Tainter, M. L., and Cutting, W. C., J. Pharm. Exp. 


1164 Toxicity oF DINITROPHENOL 


mine whether dinitrophenol in repeated subfatal doses injures the 
kidneys. 

Two series of experiments were performed, the first, a quantita- 
tive study of the urinary sediment, and the second, an estimation of 
the phenolsulphonphthalein excretion. Adult male rabbits were 
used throughout. 

Urinary sediment. Six rabbits were put on a diet consisting of 
rolled oats and water. This diet causes an acid urine, in which the 
casts do not dissolve. Each sample of urine was tested with phenol 
red to be sure it had the required acidity. Once or twice every 24 
hours the rabbits were fastened to a board, catheterized, and the 
bladder washed out with physiological saline solution. They were 
then released, and after a measured interval of several hours, cathet- 
erized again, and the urine and bladder washings quantitatively col- 
lected. The washings were centrifuged and the casts, red blood 
cells, white blood and epithelial cells counted, according to Addis’ 
method.* From these counts, the output of the formed elements in 
24 hours was readily calculated. The cast count is claimed to be 
the most sensitive test for renal injury, since even slight degrees of 
renal damage are revealed by the increased numbers of casts. The 
other elements are also informative, although not so significant under 
our conditions, since slight trauma or infection from the frequent 
catheterization may increase the red and white cells in the urine. 

The six rabbits were observed in this way for an 11-day control 
period, during which time from 11 to 14 counts of the sediments 
were made on each one. Then 4 of the rabbits were injected sub- 
cutaneously each day with a 2% solution of alpha dinitrophenol dis- 
solved in 1% sodium bicarbonate solution. The dosage was in- 
creased slowly until a fatal dose was reached. During the first 6 
days, 6.5 mg. were injected, then 10 mg. for 4 days, 15 mg. for 3 
days, 20 mg. for 3 days, and 25 mg. for 3 more days (all doses per 
kilo body weight). The last one of these 4 rabbits died on the 
third day of the 25-mg. dosage. The 2 remaining rabbits were 
injected with similar volumes of the bicarbonate solution as con- 
trols. 

The average results for the various doses of dinitrophenol are 


Therap., 1933, 48, 410; ibid., 49, 187; Cutting, C. C., and Tainter, M. L., Proc. 
Soc. Exp. Bion. AnD Mezp., 1933, 31, 97; Hall, V. E., Field, J., Sahyun, M., Cut- 
ting, W. C., and Tainter, M. L., Am. J. Physiol., 1933, 106, 432; Emge, L. A., 
Wulff, L. M. R., and Tainter, M. L., Proc. Soc. Exp. Bion. anp Mep., 1933, 81, 
152. 

3 Addis, T., J. Am. Med. Assn., 1925, 85, 163. 
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TABLE L 
Average 24 hour output of formed elements in the urine of rabbits receiving 
dimitrophenol subeutaneously each day. Figures in parenthesis are the range of 
distribution. 


———————Dosage of Dinitropheno_____—_— 
Control 65mg. 10mg. 15mg. 20mg. 25 mg. 
33 2.7 2.7 0 2.8 0 
Casts (thousands) (0-46.7) (0-83. 3) (0-53.3) (0-0) eae 3) (0-0) 
Red blood cells 612 3.4 17.1 48 12 
(millions) (0-1880. ») (0-25.7) (0-710) (0-23.6) (os 5. 58) (0-7.2) 
White blood and 
epithelial cells 3.2 49 12.4 5.4 3.7 11.8 
(auillions) (0-50.1) (0-33.0) (2.3-88.0) (0-29.0) (0-13.0) (1.2-26.8) 


presented in Table I. It is seen that there were no significant changes 
in the amount of sedimentary elements, all averages being well 
within the range of normal daily variations. The same was also 
true for each individual rabbit. The control rabbits receiving only 
bicarbonate solution behaved similarly. Therefore, according to this 
test, which is the most sensitive available for renal injury, dinitro- 
phenol, in repeated subiatal and fatal doses, did not damage the 
kidneys. The kidneys of these rabbits were also examined histolog- 
ically by Dr. D. A. Wood, and were found to contain no pathological 
alterations. 


Excretion of phenolsulphonphthalein. Six rabbits were tied on 
boards, catheterized, and their bladders washed out with normal 
saline solution. Then, with the catheters still in place, 10 mg. of 
phenolsulphonphthalein were injected into the ear vein of each 
rabbit. Exactly 30 minutes later, the urine was drawn off and the 
bladder washed out as before. The urine and washings were com- 
bined, alkalinized, made up to a volume of 1 liter, and the dye- 
concentration estimated by comparing with a set of standards. This 
procedure was carried out 10 times on each rabbit during a 25-day 
control period. The average output of dye in the 30 minutes was 
63%, which was taken as the average control value for these rab- 
bits. Four of the rabbits were then injected with 20 mg. of alpha 
dinitrophenol per kilo subcutaneously each day for 77 days. The 
other 2 rabbits were injected with sodium bicarbonate solution as 
controls. The dye-output of each rabbit was estimated each week 
during the dinitrophenol period, or 11 times in all. The outputs 
averaged 62% during the injections, practically identical with that 
during the control period. It was also just as high at the end of 


the experimental period as it was at the beginning. Therefore, 
daily administration of just subfatal doses of dinitrophenol for 11 
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weeks failed to perceptibly diminish the excretory function of the 
kidney for phenolsulphonphthalein. 

It is obvious that the results of these 2 series of experiments on 
rabbits were consistent with each other in showing that large re- 
peated doses of dinitrophenol did not impair the functional efficiency 
of the kidneys, 

Conelusions, 1, Daily subcutaneous injections in rabbits of alpha 
dinitrophenol in doses up to and including fatal ones, and for as 
long as 77 days, did not modify renal function as indicated by 
quantitative counts of the formed elements in the urinary sediment, 
according to Addis’ method, and by excretion of phenolsulphon- 
phthalein, 2, Therefore, it is unlikely that dinitrophenol, in ordinary 
clinical dosage, will injure the kidneys. 


7485 C 
Sex-Limitation of Cilia in Body Cavity of the Frog (R. pipiens). 


J, KENNETH DONAHUE. (Introduced by W. W. Swingle.) 


From the Biological Laboratory, Princeton University. 


The occurrence of ciliary systems in the peritoneal lining of the 
body cavity of the frog has long been known (Gray*) but, so far as 
the writer is aware, the fact that they are sex-limited and appear 
only in the female has hitherto been unrecognized. However a com- 
parative study of the peritoneal lining of the body cavities of 20 
female and 20 male frogs (A. pipiens) has shown that such ciliation 
occurs only in the female and may be regarded as being strictly 
sex-limited, This study was made on frogs taken during the breed- 
ing season (April-May) at which time the ovaries of the females 
were greatly enlarged. Strips of the thin peritoneal lining were 
removed and temporarily mounted in frog Ringer for examination. 
The cilia show up clearly when illuminated by unfiltered light and 
with the diaphragm of the microscope almost completely closed. 
An 8 mm. objective combined with a No. 18 eyepiece proved to be 
the most adequate lens combination for this type of work. In the 
female frog ciliary systems are present throughout the ventral and 
lateral areas of the peritoneum, extending the entire length of the 
body cavity and including the pericardial region; they are particu- 
larly numerous in the peritoneal tissue immediately adjacent to the 


1 Gray, J., Ciliary Movement, 1928, Cambridge University Press, p. 163. 
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ventral abdominal vein. The ciliary beat is in an anterior direction 
(towards the ostia tubae). By this means the movement of the 
ova towards the ostia is facilitated. Since frogs kept in captivity 
do not ovulate, the actual transportation of the ova was not observed, 
In a similar study on 20 male frogs it was found that cilia were 
entirely absent from all parts of the peritoneal lining. 

That the ciliation found in the peritoneal lining of the female frog 
might be under hormonal control seemed likely. Previously Wolf* 
showed that castration atrophy of the oviducts of the female 2. 
pipiens could be prevented by daily injections (2 RU) of mamma- 
lian follicular hormone. In order to ascertain the possible relation 
of peritoneal ciliation to the follicular hormone a series of mature, 
intact male frogs were injected with 5 RU of theelin* intraperi- 
toneally daily for varying intervals. Frog Tl, examined after 9 
daily injections, showed no cilia in the peritoneal lining. Frog T2 
was examined after 15 daily injections and showed very small 
patches of active cilia in scattered regions of the peritoneal lining. 
Frog T3, examined 20 days after injection was initiated, revealed 
numerous patches of active cilia in the peritoneal lining. Frog T4, 
upon examination 25 days after the initial iajection, showed active 
cilia in numerous areas of the peritoneal lining. Frog T5, exam- 
ined the day following the thirtieth injection showed ciliated areas 
in the peritoneal lining. It should be emphasized that in the above- 
mentioned cases the ciliation produced by theelin did not compare 
with the condition found in the normal female where practically 
all parts of the peritoneal lining are ciliated. Doubtless a longer in- 
jection period would bring about a condition in the male frog more 
comparable with that seen in the female. Fifteen untreated males 
were examined as controls and in no instance were cilia found in 
the peritoneum, It appears evident from these experiments that the 
follicular hormone is capable of producing ciliation of the peri- 
toneum in the male frog. It follows from this that the absence 
of such ciliation in the untreated male is due to a lack of follicular 
hormone, 

The ineffectiveness of Antuitrin S in inducing ovulation in the 
female and amplexus in the male frog has been mentioned by Rugh.* 
In order to test its effectiveness in producing ciliation of the peri- 
toneal lining of the male frog 4 adult males were injected with 5 
“2 Wolf, O. M., Anat. Reo., 1928, 41, 41. 

* Theelin and Antuitrin S supplied through the courtesy of Dr. O. Kamm of 


Parke Davis & Co, 
8 Rugh, R,, Biol, Bull,, 1984, 66, 22, 
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RU of Antuitrin S* daily for 5 days after which the dosage was 
increased to 10 RU daily until 25 days had elapsed. Examination 
of the peritoneal linings at that time showed that ciliation had not 
occurred in any region. 
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Volume and Total Number of Glomeruli in Kidney of White Rat 
Estimated by Precision Methods. 


ROBERT TENNANT anp WILLIAM R. THOMPSON. (Introduced by Ray- 
mond Hussey.) 


From the Department of Pathology, Yale University. 


The general principles of measurement of microscopic figures 
by projectometric methods have been treated in another communi- 
cation,’ and applications to the measurement of islands of Langer- 
hans in the pancreas have been presented.*’ The greatest difficulty 
in this work was due to the enormous variations in their volume 
and shape. Since this difficulty was far less evident in the case of 
the glomeruli of the kidney an investigation of this field seemed 
indicated, and we wish to give at present some of the results so far 
obtained. 

It has been thought preferable to make estimates free from the 
assumption of spherical form for glomeruli wherever posgible, 
but to use this to furnish an independent check. However, in the 
material used, it was found that areas of glomerular particles in 
sections (7 micra thick) could be approximated satisfactorily by 
comparison of their projected images with circles of known size; 
and this was done rather than trace and measure them with a plani- 
meter. A glomerulus was considered to belong (in the sense pre- 
viously’ defined for islets) to a given section if its greatest cross- 
sectional area lie therein. Thus it was possible from random sam- 
ples and assumption of approximate spherical form to estimate 
directly mean volume and diameter of glomeruli in a given region. 
However, we are interested in data more comprehensive than this, 
and, if possible, free from the assumption of sphericality; e. g., 
total glomerular tissue volume (1s) in the sample region. Previous 

1 Thompson, W. &., Biometrika, 1932, 24, 21, 

2 Thompson, W. B., Hussey, B., et al., Biometrika, 1932, 24, 27. 

+ Thompson, W. R., Tennant, B., and Hussey, R., Science, 1933, 78, 270. 
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attempts in this direction have been based upon treatment as if the 
section were opaque, ¢ ¢., attempting to measure all areas of glomer- 
ular (or islet) tissue in the first presented surface; but it is much 
easier in practice to focus upon the greatest cross-sectional area in 
the section of each glomerular particle, From the simple assumption 
that there may be found in serial sections only one maximal cross- 
sectional area for each glomerulus, it can be demonstrated that the 
sum of all such areas in a section except those of glomeruli actually 
belonging to it is the mean expected value of the sum of all glom- 
erular area in a plane cross section (e. g., the first presented sur- 
face). Furthermore, it is important to note that the expected mean 
number of particles in a section per glomerulus (or dle?) belonging, 
Me, is one greater in the case of transparent sections than if 
merely the first presented surface of each is considered; & @, Men 
= Mw/t + 1, where d is the glomerular diameter and ¢ is the see 
tion thickness, 

The present experimental work has to do with measurements on 
the kidneys of white rats, from a colony which has been maintained 
for a long time in the department of Physiological Chemistry. One 
kidney was removed for study from each of 4 rats at an approximate 
age of 58 days, and the animals maintained with the object of 
studying similarly the condition of the other kidneys 00 days later, 
The volume by displacement of 5% formalin was measured; and the 
kidney fixed in Zenker-formol solution, double imbedded and serial- 
ly sectioned (at 7 micra thickness). Then by projectometric meth- 
ods similar to those previously described,* * the volume of the im- 
bedded organ was estimated and the ratio, AS, of this to the dis- 
placement volume of the fresh tissue found in each instance. Thus 
for the 4 kidneys first mentioned, A* = 0.547, 0.590, O433 and 
0.538. However, various tissue volumes compared from organ to 
organ showed less variation when expressed as in the shrunken 
state. Thus for these kidneys were found the following means and 
averaye deviations ; for total kidney volume (To) 0.336 2 O14 emo, 
for total glomerular volume (1s) 7.25 + $9 mm’, and for mean 
glomerulus volume (Vo) 2.00 2 26 (10°s*), The estimated total 
number of glomeruli, No, in the organ was 28.400, 27,100, 25,900 
and 19,800, respectively, in the 4 kidneys; mean No = 25.3 + 2.7 
thousand, Vo = Ie/No in the above estimates, but the mean glom- 
erulus volume, Me, was estimated directly by means of the spher- 
ical assumption at 6 equidistant intervals in each kidney. The 
means of these 6 values and avd. for each of the 4 kidneys were 
2.92 st .21, 2.91 & .27, 2.62 = .09, and 3.41 + .17; and the mean 


1170 ANTISTREPTOLYSIN CONTENT OF SERA 


of means was 2.97 with a.d. = .23 (all expressed in 10’.y*). These 
values serve as a rough check on those previously given, but would 
be useless for this purpose were it not for the approximate stability 
of M,s) in the 6 sampled regions of each organ. However, a basis 
of strict comparability of the 2 methods of estimation may be had 
by estimating for each sample the total glomerular tissue contained 
(Is), once as already mentioned, and again by the expected value of 
I, = Zs.Mis)/Mm, where Zs is the number of glomerular particles 
in the sampled region; summing each set of estimates for a given 
organ and obtaining the ratio of these sums. These ratios for the 4 
kidneys were 1.063, 0.995, 0.980 and 1.006, respectively; and for 
2 others (experimental and control) 1.032 and 0.995, respectively. 
This we feel indicates a far greater precision and reliability than 
has been obtained previously in work of this character. Neglect of 
the effect of focusing upon the greatest cross section of each particle 
in the transparent section instead of the first presented surface 
would have introduced an error of about 13%. 

Estimates of the total number of glomeruli in the rat kidney have 
been made by various workers, notably by Moore,* whose findings 
agree closely with our own. However, we feel that the methods 
suggested above have some advantage in precision over those used 
previously, and in addition permit a simultaneous estimation of 
various volume relations. 
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Antistreptolysin Content of Sera from Cases of Recurrent Tropical © 
Lymphangitis. 


P. MOBALES-OTERO snp A. POMALES-LEBRON. (Introduced by A. M. 
Pappenheimer.) 


From the School of Tropical Medicine, University of Puerto Rico, under the 
auspices of Columbia University. 


Todd’ has shown that there are in the sera of patients suffering 
from diseases caused by hemolytic streptococci, antibodies that 
neutralize in vitro streptococcal hemolysin. Todd* and Coburn’ 
have demonstrated that these antibodies are found in abnormally 

4 Moore, B. A., J. Exp. Med., 1929, 50, 709. 

1 Todd, E. W., Brit. J. Exp. Path., 1932, 18, 248, 

2 Coburn, A. F., and Pauli, R. H., J. Exp. Med., 1932, 56, 651. 
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high concentration in the sera of patients suffering from rheumatic 
fever and in individuals recovering from hemolytic streptococcus 
infections. Furthermore Coburn’® has observed that these antibodies 
(antistreptolysins ) are not abnormally increased in the sera of sub- 
jects with bacterial infection other than hemolytic streptococcus and 
he concludes that abnormally high antistreptolysin titer is strong 
evidence of recent infection by hemolytic streptococcus and that this 
relationship is apparently specific. 

While studying the probable relationship of Streptococcus hemo- 
lyticus to recurrent tropical lymphangitis we have made antistrep- 
tolysin determinations in a group of persons suffering from this 
condition and in a group of apparently normal individuals. We 
have employed the method and culture media recommended by 
Hodge and Swift* in which the combining capacity of the strep- 
tolysin is used as an apparently more reliable index than its hemo- 
lytic power. In order to render our results comparable with those 
of others we are reporting them using the same system of units 
employed by Todd. This was made possible through the kindness 
of Dr. David Seegal of New York who made antistreptolysin de- 
terminations in 8 of our sera and recorded his results in units as 
recommended by Todd. By calculation we have been able to change 
our figures accordingly. 

Table I shows the antistreptolysin content of the sera of +1 pa- 


TABLE I. 

Antistreptolysin content in forty-one cases of recurrent tropical lymphangitis. 
Case Antistreptolysin units Case Antistreptolysin units; 
F. M. 83 Jin NG: 406 
C. F. 1041 So Re 133 
J.C. 252 BRoiG; 117 
M. F. 219 C. M. 208 
ADP. 83 is OF 606 
M. E. BR. 170 van 76 
ees 333 D.C: 138 
L. C. 166 Pry A 151 
nN a 83 G. 238 
Bi Gans. 269 EO. 151 
Ps AG 444 M. F. 208 
E. O. 104 P. M. 151 
J. M. 231 Moa 138 
A. A. 231 Me T. 277 
i cea OE 277 N. RB. 138 
Pew. 256 We od 5388 
E. A. 83 D. M. 79 
Dy Ae 333 G. R. 98 
ED; 98 N. C. 1111 
D. BR. 208 P, M. 437 
Cc. J. 92 


' "8 Hodge, B. E., and Swift, H. F., J. Exp. Med., 1933, 58, 277. 
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tients suffering from attacks of recurrent tropical lymphangitis, In 
these cases, sera were obtained during the attack, few days after the 
attack and in some instances several weeks after the acute attack, 
but no classification in this respect will be attempted at this time. 
TABLE It. 
Antistreptolysin content of the sera of normal subjects, 


Case Antistreptolysin units Case Antistreptolysin units 
P.M. 0, 18s S. 62 
GC, L. 46 L. A. 64 
N, RB 1 A, RB, 52 
J. BF 22 J. M. 28 
A. P. 25 RM, 21 
ye ee 52 FRE 62 
BR. R, 66 ALG. 62 
M. 0, 64 L. @, 141 
A, Ty 18 BR. 8, 46 


A. Q 46 B. GC, 1 


Table IT shows the results obtained with the sera from 20 ap- 
parently normal individuals, 

In 2 cases studied during and after the acute attack we find the 
following: In a case having attacks of acute lymphangitis at month- 
ly intervals for the last 2 years, the antistreptolysin titer 5 days after 
the attack was 606 units. Thirty-five days after the attack 538 
units and 60 days after the attack 333 units. A chronic case of 15 
years’ duration had attacks spaced at long intervals and has had 
no attacks for the last 20 months, During an acute attack the anti- 
streptolysin titer was 100 units during the attack, 71 units 11 days 
after the attack and 47 units 35 days after, 

Summary, The antistreptolysin values of the sera of 41 cases 
suffering from recurrent tropical lymphangitis and 20 normal cases 
are here reported. Apparently the antistreptolysin titer is increased 
in cases of lymphangitis if compared with normal subjects. The 
serum of cases suffering from acute lymphangitis varies in anti- 
streptolysin titer according to whether the serum is studied before, 
during or after the attack. 
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I. Effect of Dyes on Colonies of Certain Pathogenic Fungi. 


JOHN W. WILLIAMS. 


From the Department of Biology and Public Health and the Homberg Memorial 
Infirmary, Massachusetts Institute of Technology. 


In the present work observations were made of the growth of 
certain pathogenic fungi on a medium containing alcoholic nigrosine 
and one containing litmus. * 

The medium} consisted of 4% peptone, 1% dextrose, 1%4% agar 
in distilled water and was adjusted to pH 5.5 and saturated with 
dye by heating, filtered and autoclaved. Sabouraud’s proof medium 
and a control medium without dye also were planted. The dyes 
were incorporated in the 4% peptone, 1% dextrose medium in- 
stead of Sabouraud’s proof medium since we felt that with this 
medium moisture was retained better, there was better differentia- 
tion, growth was as rapid and slightly more profuse and, as a 
rule, less aerial. In many instances the growth showed a frosted 
surface effect resembling the growth of yeasts which type of growth 
was absent in the case of Sabouraud’s proof medium. Difco pro- 
ducts were used. 

The following pathogenic fungi and 2 saprophytes, Lichtheimuia sp. 
and Scopuwariopsis brevicaulis were observed: Achorion schoenleinii, 
Acladium castellani, Candida candida, Endodermophyton tropicale, 
Endomyces capsulatus, Endomyces dermatitidus, Epidermophyton 
inguinale, Glenospora gammeli, Geotrichum bachmann, Indiella 
americana, Monosporum apiospermum, Microsporon audouini, 
Monilia albicans, Odspora humi, Trichophyton crateriforme, Tri- 
chophyton granulosum, Trichophyton japonicum, Trichophyton in- 
terdigitale, Willia anomala. Observations were limited to 30 days. 
The tubes were kept at room temperature and growth occurred in 
all within 3 days. 

The table gives the time within which color was noted. t indicates 
tint, m mycelial, s slight, f frosted. In the litmus medium several 
growths appeared whiter and these are so designated. The micro- 
scopic color change where recognizable is designated by t. 

The results are apparent from the table. The growth of Jndiella 


* Black Nigrosine (aleohol soluble), Central Scientific Co., Boston, Mass. 
Litmus Cubes, Merck & Co., New York. 

t Details of Medium in future publications entitled: ‘‘Studies of the Effect 
of Variation of the Ratio of Peptones to Dextrose on the Colonies of Certain 


. 


Pathogenic Fungi.’’ 
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Organism Nigrosine Medium Litmus Medium 
color eolor 
Macroscopic Microscopic Macroscopic Micreseopie 

Achorion schoenteintt 7 t 7 t 
Acladium castellani ll t il t 
Candida candida 14 t ll t 
Endodermophyton tropicale lit t lit t 
Endomyces capsulatus lif t whiter 
Endomyces dermatitidus 20 f 20 f 
Epidermophyton treuinale 20 ¢ m 20 tm 
Geotrichum backmann yf t 7 t 
Glenosperea gammeli 20 f t whiter 
Indietla americana 
Tachthetimia sp. 
Monesporum aptospermem 24f t 24tt 
Microsporon audowtnt 24t 24t 
Mentlia albicans ll t ll t 
Odspora hemi ll t 20 t 
Scopulartopsis brevicaulis  20t t 20 t 
Trichophyton crateriforme I24tm t 20 tm t 
Trichophyton granuloswm l4tm t 20 tm t 
Trichophyton twierdigtiale I24tm t 20 tm 
Trichophyton japontcum whiter 
Wiltia anomala 7 t li t 


americana on Sabouraud’s was a light yellow, on all other media 
white, with the exception of a small frosted rim which took the color 
of nigrosine and litmus in the respective instances. Sabouraud’s 
proof medium did not show the frosted growth appearance, while 
in the control medium it was especially apparent with Endomvyces 
capsulatus, Endomyces dermatitidus, Glenospera gammeli and 
Monosporum aptospermuem. 
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Il. Effect of Dyes on Colonies of Certain Pathogenic Fungi. 


JOHN W. WILLIAMS. 


From the Homberg Memorial Infirmary and the Department of Biolegy and 
Public Health, Massachusetis Institute of Technology. 


In a previous paper observations were made on the growth of 
certain pathogenic fungi on a medium containing alcoholic nigrosine 
and one containing litmus.‘ In the present paper a like medium 
(peptone 4%, dextrose 1%, agar 144%) containing 2% Eosin Y 
and one containing 2% Eosin B* were used. 

The following pathogenic fungi and 2 saprophytes, Lichtheimia 
sp. and Scopulariopsts brevicaulis were observed: Acherion schoen- 

1 Williams, John W., Proc. Soc. Exp. Brob. anp Mep., 1934, 31, 1173. 
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leini, Acladium castellani, Candida candida, Endodermophyton 
tropicale, Endomyces capsulatus, Endomyces dermatitidus, Epider- 
mophyton inguinale, Glenospora gammeli, Geotrichum bachmann, 
Indiella americana, Monosporum apiospermum, Microsporon audo- 
wini, Monilia albicans, Odspora humi, Trichophyton crateriforme, 
Trichophyton granulosum, Trichophyton interdigitale, Trichophyton 
japonicum, Willia anomala. Observations were made over 30 days. 
The tubes were kept at room temperature. 

Growth occurred within 4 days in all tubes of the control media 
and in the dye tubes with the exception of Achorion schoenleini, 
Endodermophyton tropicale—Eosin B, Glenospora gammeli, Micro- 
sporon audowuimi—Eosin Y where it occurred in 6 days, Endoder- 
mophyton tropicale—Eosin Y, Microsporon audouini—Eosin B, 
where it occurred within 11 days and Trichophyton crateriforme, 
Trichophyton japonicum—Eosin B, where it occurred within 8 days, 
Growth was as a rule somewhat less marked on the media contain- 
ing dye but only markedly so in the instance of Trichophyton japon- 
icum, 

As in the previous article’ the frosted appearance was noted in the 
colonies of the control medium and Eosin Y medium with Endomy- 
ces capsulatus, Endomyces dermatitidus, Glenospora gammeli, In- 
diella americana, Monosporum apiospermum and in Eosin B medium 
with Endomyces capsulatus, Endomyces dermatitidus and Indiella 
americana. A natrow frosted rim was noted with Trichophyton 
japonicum on Eosin Y. 

Color was marked in the organismal colonies en practically all 
the dye media. Candida candida appeared more granular in the 
presence of dye, Epidermophyton inguinale less wrinkled, Monilia 
albicans more granular on Eosin B, Odspora kumi, more mycelial. 
Macroscopic color was observed in all growths within 7 days with 
the exception of Endodermophyton tropicale—Eosin Y, Epidermo- 
phyton inguinale, Trichophyton interdigitale, where color was noted 
within 11 days and Jndiella americana, Lichtheimia sp., Microsporon 
audouint—Eosin B, where color was observed within 20 days. The 
color made its first appearance in the center of the colony of Tri- 
chophyton interdigitale proceeding from there to the outer borders 
of the colony. 

On microscopic examination each element of the different colonies 

* Eosin Y (water and alcohol soluble), Schultz No. 587, Batch NE-7, Na- 
tional Aniline and Chemical Oo., Inc, New York, N. ¥. 


Bosin B (water and aleshol soluble), Schultz No. 590, Batch NEb-4, Na- 
tienal Aniline and Chemical Co., Inc., New York, N. Y. 
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seemed capable of taking up color. The mycelia, however, in general 
showed less tendency to take up color, The depth of color and the 
number of elements colored varied with the growth. A more uni- 
form tinting was present in some of the more mycelial growths. In 
most cases granules, vacuoles and refractile rims were very apparent. 
There were no indications that the more deeply colored elements 
lacked viability. Both eosins gave good results. 

It is felt that the dye media used are of value in differentiation 
and that the added expense of this type of vital staining is compen- 
sated for by the greater distinctness of appearances. 
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Growth of Certain Pathogenic Fungi on Asparagin Medium. 


JOHN W. WILLIAMS. 


From the Department of Biology and Public Health and the Homberg Memorial 
Injirmary, Massachtsetts Institute of Technology. 


Since asparagin is used frequently as a substitute for peptone, it 
was substituted in the following observations and the differential 
characteristics of the organisms planted were observed. 

The media used differed in that a portion contained 1% dextrose 
while another portion did not. The constituents were: Aspar- 
agin 10 gm., dextrose 10 gm., MgSQ,.7H,O 0.4 gm., NaCl 2.0 gm., 
KH,PO, 6.0 gm., KsSHPO, 1.0 gm., agar 1.5 gm., distilled water 
1000 ce. 

The salts as used resulted in a pH of 5.5. A control medium of 
4% peptone, 1% dextrose and 1% % agar was planted, 

The following pathogenic fungi and 2 saprophytes, Licht/eimia 
sp. and Scopulariopsis brevicaulis were observed: Achorion schoen- 
leini, Acladium castellani, Candida candida, Endodermophyton 
tropicale, Endomyces capsulatus, Endomyces dermatitidus, Epider- 
mophyton inguinale, Glenospora gammeli, Geotrichum bachmann, 
Indiella americana, Monosporum apiospermum, Microsporon audo- 
uint, Monilia albicans, Odspora humi, Trichophyton crateriforme, 
Trichophyton granuosum, Trichophyton interdigitale, Trichophy- 
ton japonicum, Willia anomala, Observations were made over 30 
days. The tubes were kept at room temperature. 

The table gives the number of days within which growth oc- 
curred. One plus indicates a scant growth, 2, 3, 4 plus successively 
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larger growth, and 5 plus the entire slant covered; v plus indicates 
very scant, a growth which we have been able to duplicate on plain 
agar. In no instance were the control growths less than 4 plus nor 
was their appearance delayed more than 4 days. There was slightly 
greater growth on the asparagin dextrose than on the control me- 
dium with Endomyces capsulatus, Glenospora gammeli, Monosporum 
apiospermum. A frosted appearance occurred on the control me- 
dium as stated in previous papers’ * with Endomyces capsulatus, 
Endomyces dermatitidus, Glenospora gammeli, Indiella americana, 
Microsporon apiospermum and on the asparagin dextrose medium 
with Endomyces dermatitidus. 


TABLE I. 

Organism Asparagin Asparagin dextrose 
Achorion schoenleinii se ob ape 
Acladium castellani 4+ Ape ate 
Candida candida 2 ra Pe era pl 
Endodermophyton tropicale Aah ayo ao 
Endomyces capsulatus ipa 8 +4++++ 
Endomyces dermatitidus 15v+ 8 +4444 
Epidermophyton inguinale x Bepeeete feats 
Glenospora gammeli 11 +++ 6 +++4+4+ 
Geotrichum bachmann 6-4 LOS ata aoa 
Indiella americana a ete GO As 
Lichtheimia sp. lily + liv+ 
Monosporum apiospermum ses pais Ai seat sole 
Microsporon audowini fo) ogee ra so es 
Monilia albicans 4 ++ Ce aa 
Odspora humi 4+ 2 ON ie 9 
Scopulariopsis brevicaulis Cs abs ae 7 NE read 
Trichophyton crateriforme 8 + CGC enek 
Trichophyton grantlosum SONG ee ee 1am ae 
Trichophyton interdigitale eins Bearer ates 
Trichophyton japonicum ae 4 ++ 
Willia anomala 4++ 4 ++++ 


The type of growth on the asparagin medium varied from that 
of the control medium in many instances; with Achorion schoen- 
leinii, that on asparagin dextrose was finer and more dendritic; 
with Acladium castellani, that on both asparagin media more dis- 
creet; with Candida candida, subsurface mycelia were marked on 
both asparagin media; with Geotrichum bachmann, the growth on 
asparagin appeared glassy; with Jndiella americana, there were sub- 
surface mycelia; with Trichophyton crateriforme on asparagin the 
growths were discreet. In general, where there was any considerable 
growth the mycelia were more compact and whiter. The difference 
in amount of growth is apparent from the table. 


1 Williams, J. W., Proc. Soc. Exp. Brot. anp MEpD., 1934, 31, 1173. 
2 Williams, J. W., Proc. Soc. Exp. Biot. anD Mup., 1934, 31, 1174, 
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Structural Changes in Adult Pituitary after Injecting Extracts of 
Castrate or Menopause Urine* 


AURA BDWARD SEYERINGHAUS, 


From the Department of dratemy, College of PRysticlans and Surgeons, Celaadia 
University, 


Injection of oestrin’ or of PLU, extract® into adult rats has been 
shown to decrease the gonad-stimulating potency of their pituitaries, 
Marked pituitary changes, consisting primarily of degranulation 
and retrogressive changes in the basophiles, occur in the pituitaries 
of P.U, injected rats These structural findings are of such char- 
acter as might be expected in cases of decreased potency, 

The present paper is concerned with anterior pituitary changes 
in the adult female rat following prolonged injection of follicle 
stimulating hormone (hereafter spoken of as CU.) from the 
urine of castrate or menopause women, Smith and Engle in recent 
and yet unpublished experiments have shown a marked decrease in 
the gonad-stimulating potency of the pituitary of the adult female 
rat when injected with CU, Ovarian weights of immature lit 
termate female mice which received pituitary implants from nor- 
mal or injected animals were taken as the measure of potency. The 
potency of pituitaries from injected rats was strikingly reduced, in 
many instances averaging about one-half that of the normal, Equiv- 
alents of 40 cc, of urine were injected daily for from 27 to 42 days. 

Cellular changes in the anterior pituitary following CU. in- 
jections are striking. Of the 3 cell types, the basophiles are most 
affected. A marked degranulation occurs in many cells. With the 
cytological technique which we employ, the blue granules are de- 
pleted, but are frequently replaced in part by irregular cytoplasmic 
masses which stain yellow, This phenomenon is the same, though 
more accentuated, as that previously described* in pituitaries from 
PLU, injected animals. The degranulated cells, at times, have a 
cytoplasm free of visible structure, except for the Golgi sphere which 
retains its blue ground color dotted by minute acidophilic granules. 

* Aided by a grant from the Committee for Research in Problems ef Sex, the 
National Research Council, administered by De. P. BL Smith, 

1 Meyer, R. KK Leonard, S. L. Hisaw, F. L. and Martin, S J, Proc. Sea 
Expr, Bron. And Mosp,, 1980, 27, TOR: Brd@ecrinelogy, 1932, 1G, G35, 

2 heenard, S. G., drat, Ree, 1088, ST, 48. 


$ Severinghaus, A. E. Proc. Soc. Exe, Brot. anp Mirna, 1934, SA, 593; dnat, 
Ree, 1984, 6, 
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In other cells, mitochondria may be present in varying abundance 
although the blue granules have been depleted. These pituitaries 
show also the numerous small basophilic cells with prominent en- 
larged Golgi. They are believed to be newly formed basophiles 
which become active before reaching normal full size. 

An additional feature of interest is the unfailing presence in our 
C.U. injected animals of branching areas of deeply-staining de- 
generate cell masses. These areas are greatest in our longest treated 
animals. Examination shows that these areas are made up to a large 
extent of angular, shrunken, basophilic cells with deep blue, pyknotic 
nuclei and a dense, granule-free, blue cytoplasm, against which the 
Golgi ring is prominently contrasted. Small branching areas of 
degenerating cells have been seen upon occasion in supposedly nor- 
mal pituitaries, especially of older rats, but not to the extent that 
this condition occurs in the injected animals. The basophilic de- 
granulation, as well as the large inclusions of degenerated basophile 
cells, correlates well with the greatly decreased potency of the pitui- 
taries of C_U_ injected rats and with previous potency and cyto- 
logical findings on pituitaries of PU. injected rats. 

The large number of degranulated basophiles and the many small 
cells of definite basophilic character would, with many techniques, 
give the appearance of a proportional increase in chromophobes, 2 
finding in our opinion not real, but apparent. The acidophiles are 
quite normal in size and character, but the impression of a reduc- 
tion in their number, sometimes much more marked than at others, 
would doubtless be supported by a statistical study. 


7492 P 


Phosphatase Studies. VIIL 
Increase of Serum Phosphatase After Bile Duct Ligation in Dog. 
AARON BODANSEKY anp HENRY L. JAFFE. 
From the Laboratory Division, Hozpiial for Joimt Diseases, New York City. 


Roberts has shown increased plasma phosphatase in obstructive 
jaundice.>* We have demonstrated an imcrease of serum phos- 
phatase im a series of cases oi catarrhal jaundice, and a return to 
normal values after their clinical improvement.” We interpreted 


1 Roberts, W. M., Brit. J. Exp. Path, 1930, 11, 90. 
2 Roberts, W. M., Brit. Med. J., 1933, 1, 734. 
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these data as supporting the assumption of a hepatogenic source of 
serum phosphatase. It seemed desirable to study the subject ex- 
perimentally—by bile duct ligation in one group of experiments. 
The operation was performed under amytal anesthesia upon a 
young adult female dog weighing 11.6 kilos. The dog made a good 
recovery. Observations covered a period of over 7 weeks. About 
4 weeks after the operation, the dog having had repeated attacks 
of vomiting, it was decided to discontinue food for a few days and 
then to resume feeding with certain precautions. Advantage was 
taken of this period of fasting in order to compare the results with 
earlier observations on the effects of fasting on normal dogs.* 
TABLE I. 


Serum Inorganic Phosphorus, Phosphatase, Icteric Index and Bilirubin after Bile 
Duct Ligation. 


Date Pp E Icteric Bilirubin Notes 
1934 mg units Index mg. 

1/21 3.1 4 Operated 

1/30 32 133 39 Bal 

2/18 4.3 200 49 5.6 Fast begun 
2/19 4.6 188 45 Fast continued 
2/20 4.6 187 55 4.3 oe oi 
2/21 4.6 155 50 4.0 Ad ches 
2/23 4.0 139 57 4.6 Fast discontinued 
2/28 3.8 193 48 3.6 

3/8 3.6 330 40 5.9 Bloody stools 
3/10 11.0 320 40 7.9 Moribund 


P—inorganie phosphorus (mg. per 100 ec.); E—phosphatase (units per 100 


At the time of the last analysis the inorganic phosphorus deter- 
mination indicated impairment of kidney function. This indication 
was supported by the findings of 51.7 mg. of urea N per 100 cc. of 
blood and of 2.1 mg. of creatinine. 

At the same time the uric acid content of the blood was 4.8 mg. 
per 100 cc.; in dogs with normal liver function the uric acid content 
of blood is too low to be determined. The dog was killed by ad- 
ministration of ether. Immediate necropsy revealed multiple areas 
of liver necrosis. 

The rise of serum phosphatase was not parallel to the increase of 
the icteric index or of serum bilirubin. This, as well as other con- 
siderations, indicate that the increases of serum phosphatase, of the 
icteric index and of bilirubin represent disturbances of different 
functions of the liver. It is also to be noted in this connection that 

3 Bodansky, A., and Jaffe, H. L., Proc. Soc. Exp. Bion. anp Mep., 1933, 
81, 107. 


4Bodansky, A., and Jaffe, H. L., Proc. Soc. Exp. Biot. anp Mep., 1931, 
29, 199. 
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during the period of fasting serum phosphatase decreased from 200 
to 139 units; the changes of icteric index and of bilirubin were not 
parallel during the same period or subsequently. 

The maximum phosphatase content was approximately 80 times 
the initial value. This is the highest value that we have obtained in 
any condition in any animal. It may well be near the possible max- 
imum in the dog. The high value of serum phosphatase was all the 
more significant in view of the marked malnutrition toward the end 
of the experiment, associated with gastro-intestinal disturbances and 
hemorrhages (necropsy showed gastric and intestinal ulcers). 

It would have been desirable to amplify this study with data of 
tissue phosphatase changes. Studies in this direction are in progress. 


Cay Ft 
Pattern Analysis in Plumage.* I. Curve of Barb Growth. 


MARY JUHN anp RICHARD M. FRAPS. 
From the Whitman Laboratory of Experimental Zoology, University of Chicago. 


Lillie and Juhn’ reached the conclusion that “general physiological 
conditions produce morphological diversity in genetically identical 
feather germs, and... . the main cause of the diversity of action is 
definitely oriented, accurately regulated differences of growth rate 
within the germ.” (p.177.) It was further pointed out that, since pat- 
tern is primarily differentiation in respect of barb level, the curve of 
barb growth rate becomes highly important in the interpretation of 
pattern. A curve given in the earlier study was believed to describe 
the growth of a barb from its origin at the ventral collar limit to its 
emergence on the rhachis. From this curve of barb growth it was 
concluded that the rate of barb growth decreased continuously from 
a maximum value at the point of origin to a minimum value at the 
dorsal limit of the collar. Differentials in growth rate are greatest 
through the ventral-most region of the collar and decrease progres- 
sively to the dorsal limit of the collar. Growth rate through the 
ventral-most quarter of the collar is, in terms of the curve of barb 
growth given, several times the rate of growth through the 2 dorsal 
fourths of the collar. 


* The expense of this investigation was supported in part by the Committee 
for Research in Problems of Sex of the National Research Council; grant admin- 
istered by F. R. Lillie. 

1 Lillie, Frank R., and Juhn, Mary, Physiol. Zool., 1932, 5, 124. 
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Further study of the subject has confirmed the idea of a growth 
gradient in the barbs, but at the same time has led to the conclusion 
that the gradient was originally represented as too steep from ven- 
tral to dorsal regions. Several lines of evidence bearing on this con- 
clusion are as follows: 

1, Completely limited pattern reactions. Lillie and Juhn have 
shown that it is possible to induce the female pattern completely 
across one vane-half of wing covert feathers without visible reaction 
in the opposite vane-half. This complete asymmetry is interpreted 
in terms of differential growth rate levels of barbs on the 2 sides of 
the germ, It follows that there can have been no regions of equal 
growth rates in the 2 collar halves during the period of pattern de- 
termination. The maximum rate of barb growth in the vane-half 
reacting to female hormone must accordingly have been less than 
the minimum growth rate of the vane-half in which the reaction does 
not appear, 

The limiting necessary difference of growth rates in the 2 collar 
halves is given approximately by the differences in growth rate at 
dorsal and ventral limits of the generalized curve of barb growth. 
Assuming moderate values for the ventral-dorsal ratio of barb 
growth rates, the difference in rates of growth of barbs in the 2 col- 
lar halves would be of the order of several hundred percent. Known 
relations of collar length, barb length and asymmetry of growth 
observed in germ preparations combine to eliminate the possibility 
that growth rate differences of any such order exist in fact in the 
wing covert feather. 

2. Making use of the methods described in the following note, we 
have attempted to transpose pattern relations in the definitive feather 
to events in the collar which must have corresponded to the origin 
of these patterns. 

The regions of reaction observed immediately adjacent to the 
collar correspond with the observed pattern in the definitive feather. 
If, however, we attempt to follow the course of a pattern above the 
zone of differentiation, and from these relations attempt a transposi- 
tion to the definitive feather or vice versa, discrepancies are apparent. 
The transposition of the definitive feather pattern indicates that the 
differences in growth rates in the germ in respect of barb level are 
relatively small. A quantitative formulation of barb development 
from the time of origin of the barb to its final position in the feather 
should make possible a direct transposition of pattern relations from 
the definitive pattern to the germ and equally, the converse operation. 
We are at present engaged in such an analysis. 
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3. Fault bars. The ideal line of pattern contour would of course 
be given if an instantaneous reaction might be induced at the same 
collar level with respect to the barbs. An examination of fault 
bars suggests that they may approach this limiting condition rather 
more closely than do experimentally induced reactions. We have 
attempted to transpose the definitive fault bar line to the collar in 
order to derive the antecedent barb relations. The apparent differ- 
ences in barb growth rates thus arrived at are smaller than are the 
differences called for by the original curve of barb growth. At this 
time we record these observations without considering the value of 
fault bars in plumage analysis to have been demonstrated beyond 
question. 
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Pattern Analysis in Plumage. Jl. Methods of Definitive Feather 
Analysis. 


MARY JUHN amp RICHARD M, FRAPS. 
Krom the Whitman Laboratory of Experimental Zoology, University of Chicago. 


The correspondence of events in the germ and definitive feather 
pattern characteristics is implicit in the relations which Lillie and 
Juhn have shown to exist in the collar during the reaction of barbs 
at all levels to high concentrations of thyroxin and female hormone. 
From this point of view measurable elements of pattern are of 
direct developmental and physiological significance. Definitive pat- 
tern relations are also of direct importance in other respects, as in 
the quantitative formulation of symmetry relations. We report 
here methods which have been developed to give the desired data. 

The characteristics of the definitive feather which can be meas- 
ured are distances between barbs on rhachis, lengths of barbs, and 
lengths of pattern elements within the limits of definition as barb or 
thachis segment. Barbule lengths and distances between barbules 
may also be measured in certain instances. 

(a) Mounting the feather. In order to obtain the desired meas- 
urements on barb length and barb frequency with precision and reas- 
onable rapidity it is necessary that the feather be permanently 
mounted with reference to simplest possible axes, i. ¢., with barbs at 
right angles to rhachis. 

The rhachis of the feather is first set in paraffine, applied hot, on 
the glazed surface of heavy bristol board. The barbs are then 
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brushed out until they lie approximately at right angles to the 
thachis. The bristol board is now clamped down on a base movable 
in the line of and exactly parallel to the rhachis. Above this sliding 
frame and at right angles to its line of motion is a guide bar. With 
a brush kept hot in molten paraffine the barbs are now pulled into 
position exactly at right angles to the rhachis; in the final operation 
the brush is held against the transverse guide bar and drawn slowly 
from rhachis to margin. Surplus paraffine is removed at the same 
time. The paraffine, when cooled, holds the barbs in place. In 
measuring distances between barbs the junction of barbs and rhachis 
must be free of paraffine. This is accomplished by running a small 
heated metal bar along the rhachis until excess paraffine has flowed 
completely out of all junctions. The mounted feather may be given 
a coat of shellac or euparal for permanent protection; if the specimen 
is to be used for measurement of barb spacing, junctions of barbs 
and rhachis should be left free. 

(b) Barb frequency. Barb frequency is defined as the number of 
barbs per unit of rhachis length; it is therefore the reciprocal of the 
distance between 2 barbs, or the reciprocal of average distance be- 
tween barbs for any number of barbs. The direct datum is of course 
the distance at the rhachis between 2 or more barbs. 

For determination of distance between barbs the mounted feather 
is clamped down on a stage with the rhachis parallel to the line of 
movement of the gauge. The gauge carries a needle pointer which 
may be set at any point on the length of the rhachis. Minor ad- 
justments for exact coincidence of pointer and barb junction are 
made by changes in the position of the stage carrying the feather. 
A binocular microscope, travelling in the direction of the gauge 
axis, is used in making all settings of the pointer. 

Two gauges are mounted in combination for various require- 
ments : a micrometer reading directly to 0.01 mm. is used for meas- 
uring distances between 2 barbs, etc. By estimation, differences in 
length of 0.002 mm. are easily determined. The micrometer car- 
ries the pointer. The second gauge is a vernier reading to 0.02 mm. 
It is used in measuring distances between a sufficient number of 
barbs, barb lengths, etc. The micrometer is clamped directly to the 
vernier. Either gauge may be used independently by locking the 
other, or both gauges may be used, as for example in measuring 
the distance between barbs at given intervals along the rhachis. 

(c) Length of barbs and length of pattern segments. The feath- 
er mount is fixed upon the stage with rhachis at right angles to the 


ACTION OF THYROXIN ON FEATHERS 1185 


gauge axes. The barbs then, are parallel with these axes. The gauge 
pointer can be set for any point along the axis of a barb as in the 
measurement of barb distances it was set at required points along 
the rhachis. Measurements are made progressively from apex of 
barb through all intervening pattern loci to junction of barb and 
rhachis. The stage carrying the feather is free to move in the line 
of the rhachis; any barb on the rhachis can be set under the pointer 
of the measuring gauge. 

Measurement of barb frequency, barb length, and length of pat- 
tern segment with these methods becomes a relatively simple opera- 
tion. A very high degree of accuracy is easily attained. Barbule 
frequencies and barbule lengths have been determined in some in- 
stances, although not to the degree of accuracy possible in the de- 
termination of barb and rhachis characteristics. 

Determination of barb frequencies in various feathers points to 
a characteristic form of curve in the several feather tracts. Curves 
for breast differ greatly from curves for saddle and back. Some 
evidence is at hand indicating orderly relations of barb frequency 
to asymmetries of feather and tract. These general relations will be 
reported in detail elsewhere. 
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Pattern Analysis in Plumage. III. Action of Thyroxin in High 
Concentrations. 


MARY JUHN anp RICHARD M. FRAPS. 
From the Whitman Laboratory of Experimental Zoology, University of Chicago 


The sequence of response of the components of the definitive 
feather to increasing thyroxin concentrations—blanching of barbs, 
barbule formation, and pigment deposition—and the manner of 
estimating barb growth in the germ by observation of the order of 
appearance of pigment following injection of thyroxin have been 
established by Lillie and Juhn.* 

An examination of definitive feathers subjected to heavy thyroxin 
dosages (10 mg., single injection) during development shows that 
both barb frequency and barb lengths are markedly altered. Barb 
frequency increases to a level around twice the barb frequency of a 
normal feather; a sudden drop then occurs to a level below that 


i Lillie, Frank R., and Juhn, Mary, Physiol. Zool., 1932, 5, 124. 
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These relations are shown im the accompanymg The 
curves are for single longitudinal vane-halves of modified and com 
trol neck feathers. Distances from origin of rhachis are given m 
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centimeters on the horizontal axis. Figures on the left ordinate 
refer to barb frequency, 7. ¢., the number of barbs per millimeter 
thachis length. Figures on the right ordinate apply to barb lengths. 

Barb frequency of the control and modified feathers are given 
by the curves fie) and fim) respectively. Curves lie) and lym) are 
contour lines of the control and modified vane margins respectively. 
The length of barb at any point on the rhachis is the distance from 
the contour line to the base of the figure. 

The diagonal line, D-V, is the line of pigment deposition; the 
segment of barb lying between D-V and the contour line lim), is the 
length of barb above the collar at the time of pigment deposition. 
Lengths between D-V and the rhachis (abscissa) are barb segments 
laid down following pigment determination in the collar. 

The numbers “43” and “75” refer to identical barbs on the modi- 
fied and control rhachises. The region of pigment deposition ex- 
tends from barb 43 to barb 75. Due to the modified barb distribu- 
tion along the rhachis of the feather treated with thyroxin, these 
and all intervening barbs—which in at least this number were in 
the collar at the time of thyroxin injection—must be compared with 
corresponding barb number in the control feather. 

Both barb frequency and barb length are modified by thyroxin 
over a considerable range anterior to the first barb showing pigment 
deposition. This effect is possibly due either to failure of thyroxin 
to effect melanin deposition in all barbs in the zone of determina- 
tion, or to interference with the normal expansion (ballooning) of 
barbs and rhachis after they have passed beyond the zone of deter- 
mination. 

The significance of these results in relation to events in the germ 
will be taken up in a forthcoming paper; at that time we shall con- 
sider also the action of thyroxin over a wide range of concentrations. 
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Pattern Analysis in Plumage. IV. Order of Asymmetry in the 
Breast Tracts. 


MARY JUHN anp RICHARD M. FRAPS. 
From the Whitman Laboratory of Experimental Zoology, University of Chicago. 


In experiments with female hormone in this laboratory it was 
found that when the mark due to the hormone was restricted to one 
vane-half in the definitive breast feather, other feathers were occa- 
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sionally found in the same tract bearing a similar mark on the oppo- 
site vane-half. There are nine feathers in a transverse row across each 
breast tract; counting laterally from ventral mid-line of the bird, we 
shall designate the feathers of such a row by the numbers one to 9. 
Ordering the various feathers in which the asymmetrical mark was 

_ found according to this notation, it could be shown that feathers 
one to 5 bore the female hormone mark predominantly on one vane- 
half; feathers 7, 8 and 9 carried the mark predominantly on the 
opposite vane-half. Feather number 6 in this composite row showed 
little if any asymmetry in distribution of the female hormone mark, 
1. e., both vane-halves were marked to about the same degree. 
Finally, the degree of asymmetry increased from feather to feather — 
in the order of distance from number 6: the greatest asymmetry of 
marking thus occurred in those feathers nearest the ventral and 
lateral margins of the breast tract, but of course on opposite vane- 
halves. 

These observations pointed to a true reversal of asymmetry within 
each breast tract with respect to a secondary antero-posterior axis 
of symmetry. The position of the secondary axis was apparently 
given by the sixth feather of each transverse row. The precision of 
response occasionally observed indicated, moreover, that the rela- 
tions of asymmetry of feathers ventrally and laterally from the 
assumed secondary axis of symmetry were of an exact quantitative 
order. 

An examination of the order of appearance of feather papillae 
(Anne Holmes, in preparation) has shown that the first line of 
papillae to arise in the embryo corresponds with the line of follicles 
of most symmetrical reaction pattern, which in the breast is the line 
of follicles numbering 6 in the transverse row. 

In this note we give the results of measurements of barb lengths 
of definitive breast feathers which demonstrate that, in respect of 
barb length the order of asymmetry in the breast tracts is essen- 
tially in accord with that deduced from our observations on response 
‘to female hormone. 

Barb lengths are measured at 0.5 cm. intervals on both sides of 
the rhachis from one cm. below the tip of the feather to within one 
cm. of the end of the fluff. The relative asymmetry of each feather 
of a transverse row is calculated by 3 procedures. 1. The differences 
in lengths of barbs on opposite sides of the rhachis are averaged for 
all measurements made. 2. The maximum difference in length of 
barbs found down the axis of the feather is taken as the index of 
asymmetry. 3. The average difference in barb lengths over the cm. 
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showing the greatest differences in barb lengths. In practically all 
cases the 3 “indices” are in agreement, although of course differing 
in absolute magnitude. 

The relations of asymmetry in the breast tracts, as established by 
these results, are given in the chart. A—A’ represents the mid- 
ventral line of the bird. Passing laterally to right and left from the 
ventral mid-line, figures 1’, 2’, . . . 9’, give the positions of the feath- 
ers in right and left transverse rows. 


A 


A’ 
Fia. 1. 


The index of asymmetry chosen is the average difference in barb 
lengths over the cm. of greatest difference in barb lengths. The 
feather showing the smallest absolute difference in length of barbs 
determines the secondary axes, A”—A”, right and left. This is the 
feather number 6 of the primary order. From the secondary axes, 
A”—A\”,, the feathers of the transverse rows are re-ordered as shown 
in the chart; m and 1 refer to feathers medially and laterally respec- 
tively for each breast tract. 

The “indices” of the remaining feathers of each tract are now 
ordered with respect to the secondary axes. Ordinates in the chart 
refer only to the differences in barb lengths taken with respect to 
these axes, i. ¢., with the feather viewed from the ventral surface, 
base up, the length of barbs in the vane-half adjacent to the sec- 
ondary axes is subtracted from the length of barbs in the vane- 
half away from the secondary axes. These vane-halves may be 
spoken of as adaxial and abaxial respectively. 

Abaxial barb lengths, then, are greater than adaxial barb lengths 
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over the cm. of greatest differences by the amounts shown in the 
chart. 

We have some evidence that the sixth feather of the primary 
order is not necessarily the feather of least asymmetry in all in- 
stances. But once having established the secondary axis for a right 
or left breast tract, we have found no exceptions to the order of 
adaxial-abaxial relationship. Also, the absolute value of differences 
in barb lengths is subject to considerable variation; the general 
nature of the relations shown in the chart, however, remains the 
same, with extreme asymmetry at the lateral boundaries of the tract. 


Missouri Section. 


Washington University Medical School, May 9, 1934 
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Skin Lesions Produced by Intradermal Inoculation with Hemolytic 
Streptococci. 


PAUL O. HAGEMAN. (Introduced by Jean V. Cooke.) 


From the Department of Pediatrics, Washington University School of Medicine, 
St. Louis. 


To determine whether any strain specificity could be shown in 
freshly isolated hemolytic streptococci from erysipelas as com- 
pared with those from other sources, intradermal injections into rab- 
bits were made with 10 strains from erysipelas, 10 from scarlet 
fever, 3 from acute abscesses, 2 from meningitis, and 5 stock 
strains, including 2 originally isolated from acute mastoiditis, and 
the scarlatinal strains NY 5 and Dick II, and erysipelas strain A I 
furnished by the New York City Department of Health Labora- 
tories. The dosage was 0.02 of an emulsified 24-hour blood agar 
slant injected into the depilated skin of the back, 2 rabbits being 
tested with each strain. In no instance did a spreading erysipelas 
develop, the lesion produced being a localized reddened indurated 
swelling involving from one to 10 sq. cm., reaching its height on 
the second or third day, and subsiding slowly. Occasionally an ab- 
scess formed. The results are summarized in Table I. 

Although the appearance of the lesion was identical with all or- 
ganisms used, the strains from erysipelas produced slightly larger 
areas of skin involvement, the average size of the lesion produced 
by erysipelas strains being 3.55, that of scarlet fever strains 1.66, 
and that of the organisms from septic lesions 1.35 expressed as 
square centimeters. The stock strains used showed lesions similar 
in size and character to those produced by freshly isolated organ- 
isms from septic infections. 

Three strains from scarlet fever and 3 from erysipelas used in- 
tradermally were each passed through 3 rabbits. After such passage 
the skin lesions produced by the erysipelas strains were of approx- 


/ 
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TABLE I. 
Scearlatinal Erysipelas Miscellaneous 

Size of Abscess Size of Abscess 
skinlesion Forma- skinlesion Forma- Size of skin Abscess 

in mm. tion in mm. tion Source lesion in mm, Formation 
§ 10x10 — (30x15 + Meningitis {10x10 —_ 
(10x10 — (20x15 = ?10x10 — 
§ 15x15 — ( 25 x 20 a Adenitis (i sya (0) — 
) 10x10 BE 1 20 x 20 zs ) 10 x 10 ee 
{10x10 + { 25 x 20 + oy Co Sixs1.0: — 
(15x15 —_ | 35 x 30 + ?.10x10 _— 

25 x 25 + Lpisep — Meningitis {10x10 — 

oe x15 — 1x 15 — 2 10x10 — 
{10x10 — f 20 x 20 — Abseess ( 20x15 + 
(10x15 — ) 30 x 25 a .15x10 — 

15x10 a § 15x10 — Stock {10x10 — 

10 x 10 — (15x10 — Mastoid } 10x10 —— 

80A 

15x10 aL ( 30 x 25 — Stock {15x10 — 

10x10 — ) 20 x 20 — Dick II ? 15x10 — 
{10x10 a \fpe Hays: 5s — Stock A I (15x15 — 
1 10x10 — ?} 10x10 — Birkhaug 115 x15 _— 

Erysipelas 

{15x15 + (10x10 — Stock (10x10 — 
(15x10 — 110 x10 — Nua } 10x10 — 

15x10 — (Lo xaos + Stock j 10x10 — 

15 x10 — 110 x10 — Mastoid 10x10 a 

80B 


imately the same size as before and averaged 4.5 sq. cm. Each of 
the scarlet fever strains was found to involve a larger skin area 
than previously, the average size being 4.8 sq. cm., or an increase to 
the size of the lesion resulting from the erysipelas organisms. 

While the experiments indicate that streptococci freshly isolated 
from erysipelas produce slightly larger skin lesions in rabbits than 
strains from other sources, this property is apparently not attrib- 
utable to strain specificity since organisms from. scarlet fever can 
after animal passage attain the same degree of skin infectivity as 
those from erysipelas. 
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Effect of Gonadotropic Hormone Injections upon Hypophyses and 
Sex-Accessories of Experimental Cryptorchid Rats. 


WARREN O. NELSON. (Introduced by M. M. Ellis.) 


From the Department of Anatomy, University of Missouri. 


The effects of castration upon the anterior hypophysis and ac- 
cessory sex organs are well known and have been interpreted as re- 
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sulting from the withdrawal of one or more testicular hormones. 
Recently, in a study involving an examination of the hypophyses, 
testes, seminal vesicles, and prostates from 73 cryptorchid and 52 
castrate rats it was shown’ that elevation of the testis into the 
abdomen (experimental cryptorchidy) at the 40th day of life pro- 
duced results similar, although retarded, to castration. Changes 
which definitely indicated a decreasing output of testicular hormone 
were apparent in the hypophysis regularly at 75 days and in the 
seminal vesicles at 240 days, post-operation. In the prostates the 
changes up to 400 days post-operation are barely suggestive of a 
hormone threshold slightly below that necessary for prostatic 
maintenance. These results may be correlated with the hormone 
required for the maintenance of the respective end-organs.* 

The hypophyses of 360 day cryptorchid rats present a picture sim- 
ilar to that of advanced castration. Cell counts, which have been 
made regularly, show a marked increase in basophiles, a slight de- 
crease in acidophiles, a more marked decrease in chromophobes, and 
many castration cells. The testes show no evidence of spermato- 
genesis and the epithelium of the seminiferous tubules is reduced to 
Sertoli cells with few if any spermatogonia. Interstitial cells appear 
to be more numerous, but it is not certain that the increase is more 
than an apparent one coinciding with tubular decrease. The cells 
of the seminal vesicle epithelium are low cuboidal to flat and with- 
out secretion granules. The prostates are essentially normal in size 
and cytology. It would seem that the testes of 360-day cryptorchid 
rats are secreting a small amount of hormone, 7. e., enough for 
prostatic maintenance, but not sufficient to maintain normal seminal 
vesicles and hypophyses. 

Nine 360-day cryptorchids were operated and one testis, one sem- 
inal vesicle, and a sample of prostate were removed, weighed, and 
studied microscopically. The animals were then divided into 3 
groups and injected with 50 R.U. Antuitrin S* daily for 10, 20, and 
30 days. At the close of the injection periods the animals were sac- 
rificed and, in each instance, the hypophysis, remaining cryptorchid 
testis, and sex accessories were removed, weighed and studied. 

The seminal vesicles removed after injection were approximately 
9 times as heavy as those removed for control purposes. Microscopic 
study showed complete restitution in each instance. The epithelial 
cells were high columnar with many clearly defined secretion gran- 


1 Nelson, W. O., Anat. Rec., 1934, 58, 30. 
* Antuitrin S kindly furnished by Dr. Oliver Kamm, Parke, Davis and Com- 


pany. 
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ules. The prostates, too, showed definite evidence of stimulation. 
These results can be interpreted only as evidence that the treatment 
had stimulated production of testis hormone. 

The anterior hypophyses presented pictures varying with the 
duration of treatment. Those from animals treated for 10 days 
showed a definite decrease in castration cells and a degranulation of 
the non-vacuolated basophiles. These changes were more pro- 
nounced in the 20- and 30-day series. In the latter only a few small 
castration cells and a very low percentage of normal basophiles were 
found. Many degranulated basophiles were present. This same 
effect of Antuitrin S injection upon the basophiles of the normal 
rat pituitary of both sexes, has been observed by the writer. A 
similar experiment has been reported recently by Severinghaus.” 

The testes of the present series of animals have been examined 
carefully and compared with the testes removed prior to the initia- 
tion of treatment. No changes were observed in the epithelium of 
the seminiferous tubules. Although there appeared to be some 
effect of the treatment upon the interstitial cells it was neither con- 
stant nor distinct enough to be judged significant at this time. The 
use of more refined cytological procedures might be illuminating in 
this regard. 

A series of 360-day castrates were subjected to the same Antuitrin 
S treatment. There was no apparent effect on the castration condi- 
tion of the hypophyses or sex accessories. This result demonstrates 
that the testis plays an essential intermediary role in the changes 
produced in the pituitary and sex-accessories. 

It is apparent from the effect on the sex-accessories that the 
treatment with gonadotropic hormone stimulated the production of 
testis hormone by some component of the cryptorchid testis, prob- 
ably the interstitial cells. It cannot be definitely said that the cor- 
rection of the castration changes in the pituitary resulted from the 
same hormone that affected the accessories since it is conceivable 
that the treatment stimulated the production, by the testis, of some 
other hormone. However, the evidence is such that it is highly un- 
likely that the testis secretes a second hormone peculiar to the male 
gonad. On the other hand, evidence is accumulating which indicates 
that oestrin is produced in the male either directly by the testis or 
by a conversion of the male hormone, and that it may be intimately 
concerned in male reproduction. Furthermore, it is not improbable 
that oestrin plays a part in the normal control of the anterior hy- 
pophysis in the male, a point that we are investigating. 


2 Severinghaus, A. E., Proc. Soc. Exp. Brow. AND Mep., 1934, 81, 593. 
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Active Constituent of Local Anesthetic Solutions. 


JOHN H. GARDNER,* JOSEPH SEMB anp HELEN TREDWAY GRAHAM. 


From the Departments of Chemistry and Pharmacology, Washington University, 
St. Louis. 


Such local anesthetics as are salts of weak bases and strong acids 
—and most local anesthetics come under this chemical classification 
—have repeatedly been shown to be more effective, particularly for 
surface anesthesia, anesthesia of isolated nerves, etc., when their 
solutions have been hydrolyzed to some degree by the addition of 
alkali. This and other similar evidence led to the theory that the 
base is the only active constituent of such solutions." 

This theory has been put to direct test by comparing the local 


‘anesthetic activity of solutions of an anesthetic base alone with that 


of solutions containing the same concentrations of base plus varying 
concentrations of the anesthetic salt. The anesthetic activity was 
measured by the time required to anesthetize to a strong break in- 
duction shock the nerve of a sciatic-gastrocnemius preparation from 
Rana pipiens; the time for recovery after removal from the anes- 
thetic solution was also sometimes recorded. 

The presence of the salt (hydrochloride) has been found to make 
no difference in the time required to anesthetize with y-4-morpholine- 
propyl benzoate, one of a series of recently synthesized local anes- 
thetics’ (Table 1). However, in all cases, as in this one, the pres- 
ence of salt results in a shift of pH towards the acid side, and this 
might alter the sensitivity of the tissue or otherwise modify the 


TABLE I. 


Concentration of the 


anesthetic in mols per liter pH Time to anesthesia 
Frog Base Salt Min. 
1 .004 0 8.1 10 
Z .004 004 6.9 10 
2 -004 0 8.1 12 
3 .004 0 8.1 8 
3 004 004 6.9 8 
4 004 004 6.9 8 
5 .002 0 8.1 60 
5 .002 002 6.9 60 


* This work was made possible by a grant to the Department of Chemistry 
from a fund given to Washington University by the Rockefeller Foundation for 
research in science. 

1 Trevan, J. W., and Boock, E., Brit. J. Exp. Path., 1927, 8, 307. 

2 Gardner, J. H., and Haenni, E. O., J. Am. Chem. Soc., 1931, 58, 2763. 
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effectiveness of the anesthetic in such a way that, for instance in 
the example given, a total anesthetic concentration of 0.008 mols 
per liter had the same activity at pH 6.9 as 0.004 mols at pH 8.1. 

This possibility is eliminated, however, by the results plotted in 
Fig. 1. To a portion of 0.004 molar procaine hydrochloride solu- 
tion, enough sodium hydroxide was added to liberate the base com- 
pletely, and a series of solutions containing various concentrations 
of the base was prepared by dilution. Another series of solutions of 
various concentrations of the base was prepared by neutralizing to 
varying degrees other portions of the original procaine hydrochlo- 
ride solution (pH of series, 5.1-9.6). In the figure the 2 series of 
solutions fall on the same curve when the time to anesthetize is 
plotted against the concentration of free base, and coincide almost 
as closely when the time for recovery is used as the measure of 
anesthetic activity. It is evident that neither the total anesthetic con- 
centration nor the pH but the concentration of free base is the 
variable in the 2 series determining the anesthetic activity. 
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Cultivation of Mycobacterium Leprae. III.* 


M. H. SOULE. 
From the Hygienic Laboratory, University of Michigan. 


The experiments here recorded were made with the object of con- 
firming in a distant land and with patients of another race our 
earlier studies’ on the isolation and cultivation of the leprosy bacil- 
lus. A description was given of a slow growing non-chromogenic 
acid-fast organism isolated from human leprous tissue by incubat- 
ing the inoculated media in an atmosphere of 40% O, and 10% COs. 
There was unequivocal evidence of the proliferation of the germs 
but it was also true that the quantity was limited. The organisms 
were removed from the positive tubes and transferred to freshly 
prepared sterile media; after an incubation period of about 6 weeks 
the tiny colonies that had developed were subcultured as before. A 
total of 26 serial subcultures were made but there was no apparent 
improvement on the part of the cells to assume a saprophytic ex- 
istence. The culture in the 26th generation showed the same char- 
acteristics as at the beginning of the series. 

A subsequent communication’ reported efforts to provide a more 
suitable substratum. Several of the complex formulae ordinarily 
employed for the isolation of such species as Johne’s bacillus and 
the tubercle bacillus were prepared and inoculated; in addition amino 
acids and fresh vegetable tissues were incorporated in several of the 
usual laboratory media. The results were uniformly disappointing. 
The overwhelming numbers of organisms in the lesions of the dis- 
ease and the impoverished growth in test tubes led to the conclusion 
that some essential food factor was lacking in the nutritive media. 

There have been several criticisms directed at the studies carried 
out in Puerto Rico; the most important of which has been the sug- 
gestion, that in making the serial subcultures, tissue debris con- 
taining stainable organisms was mechanically transferred from 
tube to tube, leading to the erroneous conclusion that proliferation 
had occurred when actually no in vitro multiplication had taken 

* These investigations were carried out with the aid of a grant for research 
made by the Leonard Wood Memorial for the Eradication of Leprosy. The author 
wishes to express his indebtedness to Dr. J. Fajardo, Director of Health in the 
Philippines, also to Dr. C. B. Lara, Chief of the Medical Staff of the Culion Leper 
Colony and his colleagues for their kindness. 


1 Soule, M. H., and McKinley, E. B., Am. J. Trop. Med., 1932, 12, 1. 
2 Soule, M. H., and McKinley, E. B., Am. J. Trop. Med., 1932, 12, 441. 
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place. The appearance of definite colonies, although of limited size, 
gave assurance that such was not the case, however in planning the 
protocols for the studies in the Philippines adequate controls were 
included to obviate this as well as other objections. 

The details of the experiments followed in general the technique 
used in Puerto Rico. Clinical specimens (excised nodule emulsions, 
subepidermal pus from “lepra reaction” cases and broken down 
nodules) rich in acid-fast forms were transferred to the surfaces of 
the media contained in tubes; usually 6 of these were inoculated 
from each specimen. The tubes were then placed in Novy jars and 
a special gaseous environment was provided containing 10% CO, 
and 40% O,. After an incubation period of 4-6 weeks the media 
were examined macroscopically for the presence of minute colonies 
and microscopically for acid-fast forms. In every cultural attempt, 
to control the mere mechanical transfer of stainable cells, there were 
placed in the jar, tubes which were inoculated with a droplet of the 
original specimen that had been autoclaved to insure the death of 
the cells. This method of killing the organisms did not alter their 
tinctorial properties. When the control tubes were examined mi- 
croscopically it was possible to find after a careful search a few 
well formed acid-fast rods in the subcultures up to and including 
the 6th serial transfer, but not thereafter. 

The tubes considered positive at the end of the incubation period 
were subcultured to similar media, placed in the artificial gaseous 
environment and the incubation again carried out. 

The data are presented in Table I. 

TABLE I. 


Isolation of Slow Growing Acid-fast Organisms, Supposedly Hansen’s Bacillus, 
from Various Types of Infected Material, 


Total No. of Specimens No. of Specimens Giving 


Origin of Specimen Inoculated Positive Cultures 
Nodules 20 12 
Reaction Pus 16 11 
Broken down nodules 6 2 
Total 42 25 


The colonies appearing on the various media were identical with 
those previously described, and in each instance the organisms were 
acid-fast. No other colonial or morphological types were observed 
in the cultures. 

The encouraging results reported by McKinley and Verder® in 


eee ee 
3 McKinley, E. B., and Verder, E., Proc. Soc. Exp. Bron. AND Mep., 1933, 
30, 659. 
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the cultivation of the leprosy bacillus with the aid of minced chick 
embryo tissue suggested the desirability of similar studies at Culion. 
Accordingly, the minced tissue suspensions were prepared in Erlen- 
meyer flasks and subsequently inoculated with fresh infected human 
tissue rich in acid-fast forms. Twenty-six specimens were studied 
following the technique given by these workers with the addition 
of controls inoculated with autoclaved material. In 22 instances 
there was unquestioned evidence of proliferation.t It was possible 
to find stainable cells in control flasks but the numbers were negligi- 
ble. The positive cultures were serially subcultured for 6 transfers 
in the tissue containing medium without any marked improvement 
as regards multiplication. At various times, test tubes containing 
the media of Petragnani or Lowenstein were inoculated with or- 
ganisms from the tissue culture flasks with the hope that the bac- 
teria might possibly be acclimatized to a saprophytic existence after 
this long residence away from the human host and grow luxuriantly, 
but such was not the case. The colonies appearing on the special 
media developed very slowly and were of the typical tiny variety. 

The writer cultivated the germ of leprosy from infected tissue ac- 
cording to the original technique of Carrel. The results have been 
uniformly disappointing in that growth, though positive, was no 
more luxuriant than that obtained with macerated chick embryo 
tissue. 

The isolation and serial cultivation of a slow-growing non- 
chromogenic acid-fast organism from human leprosy tissue has 
been confirmed. The limited multiplication of the germs indicated 
that the ideal media and environment for their saprophytic exist- 
ence has not been provided. 


+ McKinley and Verder had noted early in their work the similarity of the rod 
shaped pigment cells of the chick retina with clumps of bacilli and had kindly 
issued the warning not to be misled by these forms. 
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Bacteriology of Leprosy. IV. Bacteremia.* 


M. H. SOULE. 
From the Hygienic Laboratory, Unwersity of Michigan. 


Cultures were made of the blood of 462 patients suffering with 
advanced leprosy in its various manifestations. Only one sample of 
10 cc. was taken from each patient and a separate sterile syringe 
was used in each instance. The skin over the arm vein was thor- 
oughly scrubbed with alcohol and tincture of iodine was applied 
and allowed to dry 2 min. before the insertion of the needle. The 
contents of the syringe were transferred directly into the culture or 
centrifuge tubes. 

Two hundred specimens were cultured by the technique of Lowen- 
stein.» The blood was centrifugated at once, the serum withdrawn 
with Pasteur bulb pipettes, the red corpuscles dissolved by the addi- 
tion of sterile distilled water until the hemoglobin was entirely re- 
moved. The precipitate was then transferred to the surface of 
Lowenstein’s medium which had been distributed and sterilized in 
Blake bottles of 250 cc. capacity. After inoculation, the bottles were 
sealed with wax and placed in the incubator at 37° for 6-8 weeks. 
At the end of this interval the flasks were removed from the incu- 
bator and the surface of the medium carefully examined macroscop- 
ically for the presence of colonies and later microscopic studies 
were made of stained smears of the water of condensation. No 
growth was noted. 

Two hundred samples of blood were transferred directly into 
30x250 mm. tubes, each containing 50 cc. of cooked meat beef 
heart broth prepared by the addition of heart infusion broth to 
pieces of cardiac muscle saved from the infusion. The tubes were 
placed in the incubator and at weekly intervals for a period of 8 
weeks a loopful of the broth suspension was streaked over the sur- 
face of NNN medium in test tubes. No growth appeared on this 
medium after incubation. 

Sixty-two specimens of blood were allowed to clot in 50 cc. 
sterile plugged centrifuge tubes. The clots were separated from the 
walls of the tubes with a sterile wire and subsequently centrifugated 


* These studies were carried out at the Culion Leper Colony, Culion, Palawan, 
P. I., with the aid of a grant for research made by the Leonard Wood Memorial 
for the Eradication of Leprosy. 

1 Lowenstein, E., Inter. J. Leprosy, 1933, 1, 39. 


TESTICLE EXTRACT IN EXPERIMENTAL TUBERCULOSIS 1201 


at 500 R.P.M. for 10 minutes. The serum was removed with 
Pasteur bulb pipettes and 50 cc. of sterile glycerol infusion broth 
were added to each clot. The centrifuge tubes containing the clot 
and medium were then placed in the incubator. The tubes were 
removed and the medium examined daily for evidence of growth. 
At weekly intervals, for 6 weeks, a loopful of the broth was streaked 
over the surface of NNN medium and subsequently incubated. No 
growth was obtained. 

The negative results obtained as a result of this rather large series 
of experiments are rather hard to interpret in the light of many 
recent studies” on the isolation of organisms from the blood stream 
in health and disease. It is possible that the therapeutic measures 
instituted against the Hansen infection, namely, the weekly injec- 
tion of 4-5 cc. of the iodized ethyl esters of Hydnocarpus wightiana 
oil, may have had a direct influence on the incidence of blood 
stream invasion. It is also true that these studies were made during 
the rainy season so that the possibility of air borne contamination 
was at a minimum. 
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Effect of Testicle Extract on Primary Tuberculous Infection and 
Reinfection in Guinea Pigs. 


ROBERT M. THOMAS anp F,. DURAN-REYNALS. (Introduced by Florence 
R, Sabin.) 


From the Laboratories of the Rockefeller Institute for Medical Research. 


1. Effect on Primary Infection. ‘Testicle extract greatly in- 
creased the extent of the local lesions resulting from the intradermal 
or subcutaneous injection of virulent human tubercle bacilli into 
guinea pigs. When compared with lesions resulting from the in- 
jection of an equal number of tubercle bacilli suspended in salt solu- 
tion, the increase was estimated at from 10 to 15 fold. The testicle 
extract was prepared by mincing bull testicle in 2 volumes of 
physiological salt solution, straining the material through cloth and 
finally filtering through a Berkefeld V candle. Kept at ice-box 
temperature, the extract maintains its activity for a long period of 
time. Two groups of 6 guinea pigs were used in the first experi- 
ment, in which the injection was made intradermally. One group 


2 Callow, Bessie R., J. Inf. Dis., 1933, 52, 779. 
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was injected with a mixture of 1.0 cc. of testicle extract and 1.0 ce. 
of a suspension of H-37 strain of human tubercle bacilli in salt 
solution, containing 0.1 mg. of organisms, moist weight. The other 
group of 6 guinea pigs was injected with 2.0 cc. of a suspension of 
tubercle bacilli in salt solution, containing 0.1 mg. of organisms. 
The lesions resulting from these intradermal infections in the case 
of the testicle extract group were very large, spreading over the 
entire flank, from 5 to 6 cm. in width and from 7 to 8 cm. in length. 
The controls showed small nodules which ulcerated and drained, at 
the most 1.5 to 2.0 cm. in diameter. 

A second experiment was performed using 2 groups of 10 guinea 
pigs, in which the injections were made subcutaneously in the groin. 
The dosage and quantities of testicle extract were the same as in 
the first experiment above. 

Both experiments were terminated from 60 to 70 days after in- 
fection. The animals that had been infected with the addition of 
testicle extract showed, besides a more extensive primary infection, 
a much greater amount of generalized tuberculosis. The increase 
in the extent of visceral lesions was apparently due to the greater 
extent of the primary lesion, resulting from the spreading of the 
injected organisms, rather than to a systemic effect of the testicle 
extract, since in experiments which are still being carried on, there 
is evidence that the parenteral injection of testicle extract after in- 
fection has been established does not cause any appreciable increase 
in the amount of tuberculosis which develops. 


2. Effect on Tubercuin Reaction. Testicle extract was added to 
solutions of tuberculo-protein MA-100 (Mulford) in the propor- 
tion of 0.7 cc. of testicle extract to 0.3 cc. of a solution containing 
from 0.25 to 3.0 mg. of tuberculo-protein. Injected intradermally 
into tuberculous guinea pigs, the skin reactions were spread over a 
large area, 4.5 cm. in diameter, in comparison with the smaller but 
more intense reactions resulting from the injection of a like amount 
of tuberculo-protein without the testicle extract. The reactions, 
while increased in extent, due to the spreading factor in testicle ex- 
tract, were less intense and of much shorter duration than in the 
controls. 


3. Effect on Reinfection. Guinea pigs that had been infected 
subcutaneously with 0.01 mg. of H-37 tubercle bacilli from 4 to 6 
weeks previously, were reinfected with 0.1 mg. of H-37 bacilli, 
suspended in 1.0 cc. of salt solution and 1.0 cc. of testicle extract. 
Another group of guinea pigs that had been infected at the same 
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time were reinfected with 0.1 mg. of H-37 bacilli suspended in 2.0 
cc. of salt solution. A total of 36 animals were reinfected, 18 with 
the addition of testicle extract and 18 without. The lesions in the 
animals reinfected with testicle extract were 4 or 5 times larger than 
those of the controls and were characterized by a progressive indu- 
ration which, after 2 to 3 weeks, resulted in the formation of a 
hard, dry, necrotic area which healed very slowly from the edges. 
Sloughing of the surface of the necrotic mass occurred in some in- 
“stances, leaving a shallow indolent ulcer. At no time did abscess 
‘formation occur, nor did the lesions discharge any material. 

An interesting and striking result of such reinfection was that the 
progress of the disease in the group with testicle extract was greatly 
retarded in comparison with the controls, and with the lesions in 
untreated controls of primary infections. The animals were sacri- 
ficed from 4 to 6 weeks after reinfection, and in 3 separate experi- 
ments the same condition and results prevailed. 

The animals reinfected with testicle extract showed from 40 to 
60% less tuberculosis than did the controls or untreated controls of 
primary infection. 

In each of the 3 experiments, also, the ulcers of primary infection 
showed healing more frequently in the animals reinfected with tes- 
ticle extract. Further experiments on the nature of this effect are 
in progress.* 

No benefit was found to derive from the reinfection of tubercu- 
lous guinea pigs with BCG, with or without testicle extract, nor 
from the repeated injection of heat-killed human tubercle bacilli, 
with or without testicle extract. 


*JIn an additional experiment recently completed, 5 guinea pigs with far 
advanced tuberculosis were reinfected by intracutaneous injections of living H37 
bacilli with testicle extract. For some reason probably connected with the far 
advanced state of the disease the resultant skin lesions were practically of the 
same size and appearance as those which occurred in four animals reinfected at 
the same time with a saline suspension of bacilli. Also there was no appreciable 
difference in the extent of the general lesions in the two groups, when sacrificed 
34 days later. 
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A Suggested Test for Functional Cortical Adrenal Tumor. 


ROBERT T. FRANK. 
From the Laboratories, Mount Sinai Hospital, New York City. 


A clinical syndrome characterized by facial and trunk obesity, 
hirsutism, pig eyes, either persistently high blood pressure or at- 
tacks of hypertension, amenorrhea or menstrual irregularity, pinkish 
skin striae, rarefaction in the bones, polycythemia, acrocyanosis of 
extremities and susceptibility to infection, has attracted increasing 
attention, particularly since Cushing described basophilic adenoma as 
a probable cause.’ Previously a number of these cases had been 
found due to cortical adenoma or adrenal tumor.” It might readily 
be conceived, as suggested by Cushing, that a pituitary overfunc- 
tion, perhaps limited to the basophilic type of cells, might second- 
arily produce cortical adrenal changes. 

A typical case, diagnosed as “basophilic adenoma’? was under 
my observation in my clinic and laboratory for 1% years during 
which time thorough hormonal studies were performed with ex- 
tremely striking findings. This patient died suddenly (on the ser- 
vice of Dr. B. S. Oppenheimer) in consequence of an erysipelas 
secondary to an acute middle ear infection (unoperated), permit- 
ting a full autopsy. At autopsy the pituitary was found normal 
(serial sections, Dr. Joseph Globus), the basophilic elements prov- 
ing diminished in number. A large carcinoma of the adrenal cor- 
tex was found. The case will be described in detail elsewhere. At 
the moment, the hormonal findings alone will be discussed. 

Hormonal examination, extending over a period of 4 weeks, 
showed negative pregnancy tests, no increase in the prepituitary and 
female sex hormones circulating in the blood. * On the other hand, 
the excretion of female sex hormone in the urine was at times 
tremendously increased, to a degree seen normally only in preg- 
nancy (13,000 Mouse Units per liter). Fig. 1. During what cor- 
responded to one cycle, this patient excreted more than 57,000 M.U. 
of female sex hormone. It was. repeatedly possible to obtain a 
mouse reaction with as little as a total of 0.075 cc. of undiluted urine 
48 hours after injection into the castrated mouse. 

1 Cushing, Harvey, Papers Relating to the Pituitary Body, Hypothalamus and 
parasympathetic System, Charles C. Thomas, Springfield, Illinois, 1932, 113 et seq. 

2Thumin, Berlin. Kl. Wehensch., 1909, No. 3. 

3 Frank, R. T., J. Am. Med. Assn., 1931, 97, 1852; Frank, R. T., Goldberger, 
M. A., and Spielman, F., Proc. Soc. Exp. Bio. AND Mzp., 1931, 28, 999. 
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Fig. 1. 


Through the courtesy of Dr. John Wyckoff of Bellevue Hospital 
and Dr. Douglas Simmers of this hospital, I was able to study an- 
other case. This patient presented all the cardinal symptoms pre- 
viously mentioned, and was seen one week before death. 

The undiluted urine of this patient likewise gave a strong female 
sex hormone reaction in quantities of 0.2 cc. (5000 M.U.L.). 

At autopsy of the Bellevue patient, no basophilic adenoma of the 
pituitary was encountered. A large carcinoma of the adrenal cortex 
with metastases in the liver was found. Extracts made from the 
primary and secondary tumor in the liver showed twice as much 
female sex hormone in the extracts, as in control tissues such as 
the spleen. 

Since these findings were obtained, I have had occasion, through 
the courtesy of various colleagues, to test a number of other pa- 
tients who have shown at least some of the symptoms ascribed to 
the above mentioned syndrome, without encountering the same high 
urinary findings of female sex hormone, as in the 2 cases of un- 
doubted cortical tumor. As these patients have not been operated 
upon and are still alive, they do not enable me to draw further con- 
clusions. 

Because of the rarity of the “basophilic pituitary adenoma” and 
of cortical tumors of the adrenal, I feel justified in drawing the at- 
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tention of the profession to the hormonal findings obtained in these 
2 clearcut cases, with the hope that this test (high female sex hor- 
mone excretion in the absence of positive pregnancy reaction) may 
SeTve aS a Means of recognizing adrenal cortical tumors at an early 
and operable stage. Perhaps this test will also serve in differentiating 
them from the “basophilic pituitary adenomas” if further observa- 
tions prove that their presence does not produce the same over- 
excretion.* 
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importance of the Spleen as a Reservoir for Erythrocytes. 
E. VON HAAW. 


From the Depariments of Pathology and Bacteriology, Louisiana State Medical 
Center ond the Charity Hospital, New Orleans, Louisiana. 


One of the modern conceptions of the physiology of the spleen is _ 


to regard this organ in human beings and in animals as a reservoir 
which 1s able under different conditions to pour red blood cells into 
the corculation (Lauda*). The discrepancy of the results obtained by 
various authors (Landa and Haam, Radosaljevic and Sekulic, Tes- 
tont and others) concerning the appearance or nonappearance of 
adrenalin polycythemia in splenectomized animals makes the suppo- 
sition acceptable, that other organs or organ systems substitute 
sooner or later the erythrocyte-storing function of the spleen. 

The methods of our experiments were simple. Three dogs and 3 


* Simee this paper was handed im for publication, 10 further cases which showed 
at least some of the symptoms of so-called basophilic adenoma—all of them hir- 
sutes, 4 with imerezsed blood pressure, 3 with striae, were examined with negative 
westits. These incinded 3 cases obtained through the kindness of Drs. Wilder and 
Snell of the Meyo Clinic, 2 in whom cortical adenomas of the adrenal had been 
semoved some time previously, the patients remaining well; and one in whom cor- 
eal hyperplasia was found wt operation, the urine obtained just before operation. 
All proved negative. These findimgs make me all the-more anxious to have the 
profession apply the test im order to determine whether the high female sex hor- 
mone titer im the urine is limited to cases with metastases, similar to the large 
amonnt found in testicular tumors not containing chorionepithelioma, when general 
dissemination oecurs. 

ilLanita, H., Physidlogie der Milz, Urban & Schwarzenberg, Wien, 1933. 

2Lanta, H., and Heam, £., Z. f. exp. Med., 1932, 80, 640; Radosaljevice and 
Saniic, Wien. Arch. 7. inn. Med., 1930, 20, 81; Testoni, A., Arch. imternat. 
Phormacodyn., 1830, 37, 1. 
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"puppies were splenectomized and kept under observation for 18 


months following the operation. Before the splenectomy the de- 


ee polycythemia in the peripheric bloodstream 
was determined in 2 consecutive examinations, and the same test 
was repeated shortly after the animals had recovered from the 
splenectomy and thereafter at regular intervals. Care was taken 
that the animals were kept under healthy physiological conditions 
with plenty of freedom and exercise. Two of the splenectomized 
puppies died 3 and 5 months respectively after the splenectomy. of 
intercurrent diseases. Because of their illness and subsequent death 
the results of their tests have been discarded entirely from our 
charts. The other animals remained healthy and are being kept for 
further observation. The postoperative anemia, which could be ob- 
served in a mild degree in all of our operated dogs, disappeared 
after 2 or 3 months. 

~ The results of our experiments are reported at this time because 
no changes in the curve of the peripheric hematocrit values fol- 
lowing adrenalin could be observed for the last 6 months. The 
technic of the test for the acute polycythemia im the peripheric blood 
circulation following adrenalin injection was the same as reported 
in previous experiments. Each test was made under the same con- 
ditions and with chloralose as the anesthetic. Simce the results of 
the experiments on our 4 surviving dogs were rather uniform, as 
can be seen from Table I. the curves of Dog W may be taken as 2 
good example for the entire experiment. 

~ Tt can be seen that the highest rise in the hematocrit value follow- 
ing adrenalin injection could be observed before the operation. 
ey Sirecslis was not Shic to produce poly- 

months after the operation. however, the hema- 

tocrit value of the peripheric blood showed a distinct imcrease after 
the intravenous injection of adrenalm_ 

The results obtained on all 4 dogs during the 18 months of ob 
servation are summarized in Table I. 
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dogs this could be shown as early as 5 months after the spleen had 
been removed; in others the polycythemia appeared later. In none 
of the animals did it reach the same height as observed before the 
operation. The highest value of adrenalin polycythemia could be 
observed in the splenectomized puppy (P2). 

Conclusions. Repeated examinations of the hematocrit value of 
the peripheric blood following the intravenous administration of 
adrenalin in 4 dogs before and for a period of 18 months following 
splenectomy could demonstrate that (1) the acute polycythemia fol- 
lowing adrenalin which is regularly observed in the normal dog dis- 
appears after splenectomy; (2) after that period the polycythemia 
returns but does not reach the same degree as in the normal dog. 
These results suggest a slow substitution of the erythrocyte-storing 
function of the spleen by another capillary system. 
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Conditions of the Halo Formation Around Subtilis Colonies and 
Growth of Halo Transplants. 


OCTAVIA PEIRSON anp LOUIS DIENES. 


From the Department of Pathology and Bacteriology, Massachusetts General 
Hospital, Boston. 


An interesting phenomenon was described’ which certain B. sub- 
tilis strains show when grown on nutrient agar containing a small 
amount of saccharose. The amorphous, stringy material which is 
present in abundance in the cultures as an intercellular substance 
spreads out from the colonies and forms a wide halo around them. 
In the halo bacteria are not visible and transplants of it do not grow 
on the usual media. Transplanted on agar plates containing sac- 
charose the halo substance grows in tiny transparent colonies. The 
observations described in the following note’ furnish convincing 
evidence that these growth phenomena are caused by the growth of 
living elements entirely different in morphology from the usual 
forms of bacteria. 

The observations here described concern the conditions under 
which the halo develops and which determine the abundance of 
growth in the transplants. 


1 Dienes, L., Proc. Soc. Exp. Biot. AND MED., 1932, 29, 1205. 
2 Dienes, L., Proc. Soc. Exp. BioL. AND MeEp., 1934, 31, 1211. 
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The formation of the halo depends on the addition of saccharose 
to the nutrient agar. Usually as small an amount as 0.02% is suf- 
ficient and about 0.1% gives the best results. It is probable that 
the saccharose itself is effective and not an impurity in the sac- 
charose preparation; because, by fractionation of saccharose with 
alcohol, no fractions were obtained which had increased or de- 
creased potency. Other sugars have no effect on the halo formation. 
The formation of the halo depends largely upon the condition of 
the surface of the plate. The production of the halo can be greatly 
improved by rubbing the surface of the agar plate lightly with a 
glass rod. The different batches of agar vary very slightly and the 
addition of different animal proteins, fresh plant tissue, cystein, 
etc., produced no effect. When the pH is varied between 6 and 8.5 


' there are no marked changes. 


For the closer study of the conditions upon which the growth of 
the halo substance depends we started with an agar medium con- 
taining no nutrient substances besides saccharose. The growth of 
our strains, as was already indicated in another place, is very char- 
acteristic on this medium. No halo is formed but the bacterium 
colonies are surrounded by a haziness which under the microscope 
consists of tiny colonies. These tiny colonies vary in size from a 
few hundredths to a few tenths of a millimeter and are situated 
mostly deep in the agar. In the tiny colonies no bacteria are visible. 
If a small piece of agar containing these colonies is cut out and 
transferred to another agar plate a similar growth is produced with- 
out bacterial growth. Transplants from the halo formed on nutrient 
agar plates also grow similarly on non-nutrient agar plates which 
shows that the formation of haziness is an analogous phenomenon 
to the halo formation. Haziness in the non-nutrient agar plates is 
produced more often and more constantly by bacteria than a typical 
halo. 

Various substances were added to the non-nutrient agar and the 
effects on the formation of the tiny colonies were studied. In all 
cases where the medium contained vegetable or animal substances 
although the growth of bacteria was markedly increased the forma- 
tion of the tiny colonies was inhibited. If the substances were added 
in very small concentrations the growth of tiny colonies reappeared, 
but their growth was never improved by these additions. The addi- 
tion of various inorganic salts was either detrimental or without 
effect. Only increasing the concentration of the agar from 2% to 
4 or 6% materially improved the growth of the tiny colonies. Halo 
was never produced in these experiments. CO, and absence of O, 
did not affect the development of the tiny colonies. 
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It was evident from these observations that the agar itself con- 
tains the substances which make the development of the tiny colo- 
nies possible. The agar used in this experiment was prepared by 
autoclaving commercial agar in tap water and pouring off the clear 
part of the agar after sedimentation. The medium always con- 
tained impurities including dead bacteria. The next step in the study 
was to free the agar from the impurities by filtration. A weak solu- 
tion (0.5%) of agar was first passed through paper pulp, then 
through a Berkefeld filter and concentrated to 4% on the water 
bath. A perfectly clear agar was obtained. After the addition of 
saccharose to this agar the growth of the bacteria was very poor—- 
in contrast to the abundant growth on the non-filtered plates—and 
the tiny colonies did not develop. By adding different kinds of 
nutrient substances the growth of the bacteria was greatly increased © 
but neither the tiny colonies nor the halo was obtained. Filtering 
the agar simply through paper also considerably decreases the 
growth of tiny colonies. 

Since the tiny colonies in the non-nutrient agar tend to grow 
around the impurities present in the agar we tried to add various 
kinds of non-soluble material to the filtered agar. Tiny bits of 
meat thoroughly extracted by water, starch, CaCOs, iron oxide, car- 
bon obtained by heating saccharose, all were without effect. Im- 
pressive effect was obtained by the addition of autoclaved earth and 
infusorial earth suspensions. The whole medium was full of tiny 
colonies growing around the particles. Filtered or thoroughly cen- 
trifuged earth extract did not have this effect. The ignition of 
earth or the extraction of infusorial earth with HCl followed by 
ignition did not decrease their effectiveness. The addition of 
ground glass was also effective. It is probable, however, that the 
filtration of the agar affects the growth of tiny colonies not only by 
the elimination of silicon dust but also by the elimination of other 
substances. 

With the help of infusorial earth the surface growth of the 
halo colonies can be made more abundant. The surface of a non- 
nutrient agar plate is sprinkled lightly with sterile infusorial earth 
and the transplant from the halo is made on this area. Without 
infusorial earth the growth is poor and only the haziness develop- 
ing in the agar is visible without a hand glass. The soft trans- 
parent growth obtained with the help of infusorial earth may be as 
abundant as, for instance, a confluent growth of pneumococcus. 
The second transplant made in this way is also usually abundant. 
The third less so, and in the fourth only a few colonies develop. 
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The negative or depressing effect of all kinds of nutrient material 
and the stimulating effect of earth on the expansion of the halo on 
non-nutrient agar plates are observations which probably will be of 
interest for the further study of the halo organisms and their rela- 
tionship to the bacteria. Our strains were obtained usually from 
contaminated blood cultures and originated probably from dust. 
Numerous colonies showing halo formation grew from dust col- 
lected under the roof of the laboratory building. Adding earth to 
the agar probably makes the medium more similar to the natural 
habitat of our strains and the addition of nutrient material less 
similar. It seems rather probable from this observation that the 
peculiar process which we observed is a regular process in the nat- 
ural life of our strains, which is usually not apparent in artificial 
growth but under the influence of saccharose and other appropriate 
conditions will be noticeable. The halo formation on nutrient agar 
is a peculiar case of growth and expansion of the halo substance, the 
conditions of which are entirely different from the conditions which 
regulate the extension of the halo substance into the medium of non- 
nutrient plates. 
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Morphologic Elements in the Halo of Subtilis Colonies.* 


L. DIENES. 


From the Department of Pathology and Bacteriology, Massachusetts General 
Hospital, Boston. 


The most interesting question in connection with the phenomena 
which are the subject of the previous note’ is whether they are life 
phenomena produced by the growth of living organisms or whether 
they represent only a peculiar combination of diffusion phenomena 
and enzymatic action. The number of successive transfers in which 
the halo substance so far was grown is not sufficiently high to ex- 
clude the supposition that the mucoid substances are synthesized in 
the medium by an enzyme excreted from the bacteria. The obser- 
vations which will be described in this note show that the halo con- 
sists of organized elements and is not an amorphous substance. 


*The publication of the figures was made possible by a grant from the 
DeLamar Research Fund of Harvard University. 
1 Peirson, O., and Dienes, L., Proc. Soc. Exp. Bron. anp Mep., 1934, 31, 1208. 
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The magnification in all figures is 1:1000. 

The preparations were stained by Zettnow’s flagellar staining method. 
Fig. 1. Long fine filaments from halo. 

fig, 2. Short fine filaments from halo transplant. 
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These observations furnish definite evidence for the living nature of 
the halo. 

Direct examination of the halo under the microscope and exam- 
ination of preparations stained with crystal violet reveals no formed 
elements in the halo. If a small piece of agar containing the deep 
colonies of halo is cut out and stained with crystal violet the 
colonies remain unstained in the deeply stained agar. These colonies 
often contain stained granules and sometimes fine bacillary forms 
but these can not be distinguished from the impurities present in the 
agar. Examined with dark field illumination the halo consists of a 
great number of faintly visible granules. The elements which build 
up the halo can be seen best in preparations stained by flagellar 
staining methods. For a long time our attempts to stain the halo 
elements with these methods remained unsuccessful and only after 
much experimentation were successful preparations obtained. 

The elements found in the preparations show an extreme poly- 
morphism. There are larger elements which consist of a straight 
or bizarre shaped filament which is often pointed or fusiform. They 
may run out into a fine filament or end in a coccus-like body. These 
filaments may form large interwoven masses. They are not stained 
with crystal violet and dark background preparations show that 
they are much thinner than bacteria. Another larger element is 
represented by coccus-like bodies which form sometimes with the 
filament asteroid forms. Sometimes in the halo transplants definite 
bacillary or coccus forms are found which are faintly stained with 
crystal violet. 

Besides the larger elements bundles of very fine seemingly rigid 
filaments are found rarely and the mass of the halo substance is 
built up of fine short filaments or of tiny granules. The staining of 
the short fine filaments and granules is usually unsatisfactory and 
their differentiation from artefacts in the preparation is not always 
clear. The larger forms are visible with dark field methods and 
their form and arrangement, like the arrangement of the long fine 
filaments, is so characteristic that no doubt can remain that they 
represent actual structures. 

The larger elements of the halo and halo transplants, though in 
the latter definite bacterial forms are rarely found, differ in essential 

Fig. 3. Short fine filaments from halo, also a spore-like | body in the right 
lower corner of the figure. 

Fie. 4. Asteroid forms from halo. 

Fig. 5. Large mass of thick filaments from halo transplant. 

Fic. 6. A thick filament from halo running out into fine filaments. 

Fies. 7 and 8. Asteroid forms from halo. 


Fies. 9,10 and 11. Thick filaments from halo transplants, 12 from halo. 
Fig. 13. Filaments and coceus-like bodies from halo transplant. 
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points from the usual forms of bacteria. First of all they do not 
reproduce bacterial growth while the bacteria grow profusely in our 
media. They are extremely pleomorphic, very fragile, and remain 
unstained by crystal violet. In the halo the larger elements are only 
sparsely present and as the transplants give rise to thousands of tiny 
colonies the growth must originate from very small forms. It 
seems probable that the elements of the halo originate from the bac- 
teria as from a heated spore emulsion all spores reproduce the halo. 
None of the filamentous structures in the halo correspond closely to 
the filaments which were described in the bacterium cultures.” 

It is interesting to note that the elements of the halo which are so 
different from the bacteria resemble closely the elements from 
which the cultures of the virus of pleuropneumonia bovis are built 


up. 
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Hereditary Variations in Litter-Size of Rabbits. 
PAUL D. BOSAHN, HARRY 8S. N. GREENE anp C. K. HU. , 
Prom the Laboratories of The Eockefeller Institute for Medical Research. 


An analysis of 569 pregnancies occurring in our breeding colony 
during the 5-year period from 1929 to 1933 has indicated the pres- — 
ence of wide variations in the mean gestation periods of different 
breeds.* These differences were attributed to hereditary factors. 
The present report is concerned with an analysis* of the size of the 
litters resulting from these 569 pregnancies, the particular purpose 
being to ascertain whether breed had any influence on litter-size. 

The pregnancies were the result of matings made in all months 
with the exception of July and August. Eleven breeds consisting 
of 10 standard bred strains and one intensely inbred line of albinos 


2 Dienes, L.. Pzoc. Soc. Exe. Biot. asp Mup., 1933, 31, 383. 

1 Bosahn, P. D.. Greene, H_ S. N_, and Hu, C. K., Science, 1934, 79, 526. 

* The symbols employed below are defined as follows; Var.— Variance; F — 
the ratio of the larger to the smaller variance; m — number of observations; M, — 
mean of m observations; D — difference between two means; t — the ratio of the 
Gifference to its standard error; P — probability. For a description of the 
methods of analysis, see Fischer, B. A., Statistical Methods for Research Workers, 
Oliver and Boyd, London, 1930, and Snedecor, G. W., Calculation and Interpreta- 
tiom of Analysis of Variance and Covariance, Collegiate Press, Inc., Ames, Iowa, 
1984 
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which may be considered as a breed or family are represented. The 
mean litter-size ranged from 3.92 for Polish rabbits to 7.14 for the 
Beveren and Flemish breeds. 

It was found that the variance between breeds was significantly 
greater than the variance within breeds (Var. between means of 
breeds = 40.43; Var. within breeds = 4.67; F = 8.65; P= 0.01—, 
significant). The demonstration of heterogeneity between breeds is 
interpreted as indicating that with respect to litter-size, each breed 
represented a homogeneous, normally distributed population. Cer- 
tain environmental factors which might account for the breed dif- 
ferences were considered. 

All animals received the same diet and were housed indoors 
under uniform conditions. Seasonal factors at the time of mating did 
not influence the litter-size, since a significant difference was not 
noted between the mean values calculated from all matings in the 2 
intervals from March to October, and from November to February 
(March to October: n= 295, Mn=5.18+0.14; November to 
February: n= 274, Ma = 5.47 + 0.14, D=0.29+ 0.19, t= 115, 
not significant). Moreover, the variance within 2 months intervals 
was larger than the variance between 2 months intervals, although 
the difference was not significant (Var. between means of 2 months 
classes = 11.53; Var. within 2 months classes = 5.30; F = 2.18, 
not significant). With respect to season therefore, the population 
appeared to be homogeneous. 

The mean age of the doe at the time of mating ranged from 9.96 
months for the American Blue to 14.75 months for the Chinchilla. 
The method of analysis of variance gave significant evidence that so 
far as age of the doe at the time of mating was concerned, the whole 
set of values represented a homogeneous population. (Var. between 
means of breeds = 5.91, Var. within breeds = 45.64, F = 7.72, 
P= 0.01—, significant). There was no correlation between the 
breed mean litter-size and age of the doe at the time of mating 
(rxsy = —0.185, not significant). 

Body weight appeared to have some influence on the litter-size. 
In general the lighter breeds such as the Polish and Himalayan had 
small litters, and the heavier breeds such as the Flemish and Beveren 
had large litters. When the breeds were divided into 2 classes ac- 
cording to weight, the litter-size of the heavier group was signifi- 
cantly greater than that for the lighter group (D = 0.96 + 0.25, 
t = 3.9, P=0.01—, significant). 

The environmental factors of housing, feeding, season and age 
did not appear to account for the observed heterogeneity between 
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breeds. It was concluded that unless some unknown environmental 
condition or conditions were operative, the differences in litter-size 
of the different breeds were largely dependent on hereditary factors. 
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Changes in Caudal Bones of the Rat as an Index of Ossification. * 


N. B. GUERRANT anp R. ADAMS DUTCHER. 


From Pennsylvania State College. 


The conventional method of determining the rachitic condition 
of a rat by either the X-ray or the “‘line test” method has been re- 
stricted primarily to an examination of the longer bones of the 
rat’s body, especially the proximal end of the tibia or distal end of 
the femur. While a study of the structural changes in such bones 
furnishes a reliable index of the degree of rickets manifested by the 
animal in question, a comparison of X-ray photographs of the whole 
body of such animals indicated that other bones of the skeletal 
framework might offer some advantages over the tibia and the 
femur in this respect. This appeared to be especially true of the 
bones of the tail. This particular body structure appeared to offer 
a series of provisional zones of calcification which could be studied 
by either the X-ray or the “‘line test’? method. In fact the tail of 
the rat had been found to be both more easily and more effectively 
X-rayed than was the leg and, in addition, it afforded possibilities of 
removing portions of the bony segments for “line test” during the 
course of the experimental period, without serious consequence to 
the health and well-being of the experimental animal. 

In connection with another investigation being carried out in this 
laboratory in which a large number of rachitic animals were being 
involved, a comparison was made of the X-ray and the “line test” 
findings, where both the tibia and the caudal bones were considered. 
A general idea of the comparative results obtained may be had by 
observing Plates 1 and 2, which were obtained from X-rays and 
“line test” photographs of the bones of 6 typical animals that rep- 
resented various stages of ossification. 

Animals O to 4 inclusive were placed on a rickets-producing diet 
when 21 days of age. At this time their weights ranged between 40 


* Publication authorized by the Director of the Pennsylvania Agricultural 
Experiment Station May 8, 1934, as Technical Paper No. 652. 
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PuaTe 1, showing X-ray photographs of both the tibiae and the tails of 6 
typical animals, each representing a different stage of ossification, 


Oe: s t 2 Ba; 4 2 
PLATE 2, showing photographs of ‘‘line tests’’ on a tibia and a section of the 
caudal bones taken from each of the 6 animals considered in Plate 1. 


‘ 


and 46 gm. After being on the rachitogenic diet for 21 days, ani- 
mal 0 was killed as a negative control, while the 4 remaining animals 
received one unit (A.D.M.A.) of vitamin D daily as a supplement 
to the rachitogenic diet. Animal 1 was killed on the 31st day, 
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animal 2 on the 35th day, animal 3 on the 38th day and animal 4 on 
the 42nd day. Animal 5 was taken directly from the breeding col- 
ony and was 54 days of age when killed. 

The tibia and the tail were removed from the dead animal and 
preserved in a 50% alcohol-water solution until the desired photo- 
graphs could be made. For the X-ray photographs, the 6 tibiae 
and the 6 tails were arranged above a single X-ray photographic 
plate and X-rayed simultaneously. For the “line test” photographs, 
the bones were prepared in the usual manner and individual photo- 
graphs were taken. 

Through such photographs and other observations, we are led to 
believe that both X-ray and “line test” made of the caudal bones 
of the rat*are reliable indices of the degree of ossification. The 
caudal bones appear to offer some advantages over the tibia or the 
femur in certain respects, but do require greater pains in the prepa- 
ration for “line testing” than does either the tibia or the femur. 
Some of these advantages are: (a) the caudal bones are both more 
easily and more effectively X-rayed, (b) the caudal bones offer a 
series of zones of calcification instead of a single zone, and (c) the 
caudal bones offer possibilities of removing segments for “line test” 
during the progress of the experiment. While such advantages may 
be important considerations in certain phases of research, it is not 
suggested that the caudal bones replace the tibia or the femur in the 
conventional method of determining the state of ossification. 
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Formation of Bone by Periosteum After Experimental Infarction by 
Embolism of Femur in Rabbits. 


G. H. KISTLER. (Introduced by A. D. Keller.) 


From the Department of Physiology and Pharmacology, University of Alabama 
Medical School, and the Henry Baird Favili Laboratory of St. Luke’s Hospital, 


Some authors ascribe osteogenic potentialities to the periosteum 
and feel that it is important for normal nutrition of bone and for 
repair of injuries to the cortex. Others have observed no nutri- 
tional disturbance or decrease in bone regeneration in the absence 
of periosteum or after experimental fractures, partial resections and 
drill holes. There is also no uniformity among observations made 
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after transplanting this tissue. Failure of bone formation by the 
periosteum does not demonstrate that it may not occur under proper 
conditions. It, therefore, seems desirable to accumulate more data 
on periosteal osteogenesis and to devise better methods for studying 
changes in bone. 

Infarcts have been produced in the femur of young and adult 
rabbits by injecting through its nutrient arteries a particulate sus- 
pension of charcoal in 5% gum acacia. Interference with the blood 
supply to the femur by interrupting the vessels outside the cortex 
did not, however, produce noteworthy changes except in very young 
rabbits. The bones were removed for examination from 20 hours to 
150 days after operation, fixed in 10% formalin and decalcified by 
4% nitric acid. Histologic sections were then cut from celloidin 
blocks and stained with hematoxylin and eosin. 

The charcoal emboli produced marked necrosis of the medullary 
tissues and inner one-fourth to one-half of the cortex. This was 
followed by the formation of a wide layer of compact new bone out- 
side the cortex that seemed to envelop the infarcted portion of the 
shaft and it was always well delimited from the pre-existing living 
bone by a narrow straight line of demarcation. Its thickness varied 
from a few layers of bone cells to that of the original cortex, and 
the outer edge was irregular. More marked osteogenesis and re- 
vascularization of necrotic bone occurred at the attachment of 
muscles and tendons. In some regions there was necrosis of the 
entire thickness of the cortex without new bone formation as if 
some of the soft tissues about the femur had been infarcted inad- 
vertently. The structure of the new periosteal bone was essentially 
like that of the cortex but its haversian systems were more irreg- 
ularly arranged and the bone cells varied in size and shape. The 
tissues were also slightly less compact due to more abundant and 
larger canaliculi and blood vessels. Within the medullary canal 
near the ends of the infarcted regions, new endosteal bone replaced 
the inner devitalized cortical bone. In places the combined thick- 
ness of old cortical and new periosteal and endosteal bone was 3 
times that of the cortex of the control femur. 

This layer of new compact bone was definitely and regularly de- 
limited from the original cortex and its origin from the periosteum 
was substantiated by the prolific production in the presence of abun- 
dant nutrition and by the paucity of new osseous tissue where the 
periosteal blood supply was diminished. Interference with nutrient 
blood vessels outside the cortex did not produce sufficient nutritional 
disturbance of the bone to require or stimulate periosteal osteo- 
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Fre. 1. 
Marked periosteal and endosteal osteogenesis in the shaft of a rabbit’s femur 
49 days after infarction by charcoal emboli (H. and E. x11). 


genesis. Mechanical injuries, such as fractures and partial resections 
of bone or periosteum, which are commonly used in studying bone 
regeneration, interrupt the continuity or interfere with the nutri- 
tion of the structures so that it is difficult to determine the relative 
importance for healing of the various tissues. Infarction by emboli 
prevents collateral circulation in the medullary canal and produces 
necrosis of those tissues that do not receive blood from the perios- 
teum without interrupting the continuity of cortex or periosteum. 
Necrosis in the inner layers of the cortex and formation of new 
compact bone in the periosteum after infarction of the medullary 
tissues alone, and the presence of necrosis of the entire bone with 
the absence of new osseous tissue after infarction of both the me- 
dulla and periosteum, emphasize the necessity of periosteum for 
viability of the outer portion of the cortex as well as for osteo- 
genesis outside this compact layer. 
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Relative Value of Various Forms of Vitamin D Milk in Prevention 
of Infantile Rickets. 


DONALD J. BARNES. (Introduced by T. F. Zucker.) 
From the Children’s Hospital of Michigan, Detroit, Michigan. 


} Antirachitic agents obtained from different sources but contain- 
; ing identical numbers of rat units appear to have different values 
; for various species when used in the prevention or treatment of 
3 rickets. Steenbock et al. have shown the difference that exists in 
: the reaction of chickens to irradiated ergosterol, irradiated yeast 
: and natural fish liver oils. Our own experience® with infants, which 


has since been amply confirmed, sufficiently demonstrated this dif- 
ference when the same daily rat unit dose of specially assayed cod 
liver oil and irradiated ergosterol were used. Hess* has show2 
satisfactory results with small prophylactic doses, i. ¢., 40 to 50 rat 
units per day, when taken as irradiated milk. 

Accepted standards for the proper dosage of cod liver oil, irra- 
diated ergosterol and irradiated milk are still based largely upon 
¥ clinical opinion rather than controlled observational material. The 
% statement of Hess* is that the relative equivalent rat unit dosage is: 
of cod liver oil, 240 rat units; viosterol, 600 rat units; irradiated 
milk, 40 rat units. His conclusions seem to have been arrived at 
without careful comparative studies having been made. It was 
P with the idea of approaching the minimal prophylactic dosage of 

; cod liver oil vitamin D that this study, giving each infant daily 50 
Steenbock units of vitamin D as the Zucker* cod liver oil concen- 
trate (emulsified in milk), was made. It also affords an oppor- 
tunity to compare a carefully measured intake of cod liver oil 
vitamin D with vitamin D from other sources. This makes no 
provision obviously for the occasional refractory case that is best 
safeguarded by a more liberal intake of vitamin D. 

The study conducted during the winter of 1932-33 shows the 


following : 
1 Steenbock, H., Kletzien, S. W. F., and Halpin, J. G., J. Biol. Chem., 1932, 
97, 249. 
2 Barnes, D. J., Brady, M. D., and James, E. M., Am. J. Dis. Child. 1933, 
? 39, 45. 
f 3 Hess, A. F., 2nd Lewis, J. M., J. Am. Med. Assn., 1932, 99, 647. 


4 Hess, A. F., and Lewis, J. M., J. Am. Med. Assn., 1933, 101, 181. 

5 Zucker, T. F., Pappenheimer, A. M., and Barnett, M., Proc. Soc. Exp. Brow 
AND MeEp., 1922, 19, 167; Zucker, T. F., Proc. Soc. Exp. Brot. anp Mxp_, 1922 
20, 136; Zucker, T. F., Am. J. Pub. Health, 1933, 23, 10. 
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Thirty-two normal infants were completely protected against 
rickets from November and December to April on 50 units of 
vitamin D given as concentrate in milk. 

Six infants entering the study showed slight X-ray signs of 
rickets. These healed gradually and definitely through the period 
of study, and in no case did the X-ray signs become worse. 

Of the 38 infants in the study 19 were under 6 months of age 
and 19 were between 6 months and one year. Of the 19 who were 
under 6 months of age 11 were under 4 months of age. Weight 
gains were satisfactory, being on the average about a pound a month. 
No antirachitic substance or treatment had been previously given. 

A control group of 25 infants, who had received no antirachitic 
treatment during the winter, were selected at random as they came 
to the clinic. They were comparable in age and size to the groups 
studied and were X-rayed in April. Fourteen of these, or 56%, 
showed active rickets, the remainder being normal. 

In this group of 38 infants, 50 rat units of vitamin D as cod liver 
oil concentrate, emulsified in milk, afforded protection against rick- 
ets. No difference was found in the older and younger age groups. 
According to these results the ratio of 40 to 240 for the vitamin D 
of irradiated milk and the vitamin D of cod liver oil concentrate, 
emulsified in milk, does not hold. The units seem, for infants, to 
compare about equally as far as their relative efficacy is concerned. 
Considering the relatively small number of infants, the error of 
biological assay, and the difficulties of quantitative clinical evalua- 
tion it would not be safe to say that one differs from the other. 
However, we feel that a larger number of patients must be studied 
before so low a daily vitamin D intake should be generally recom- 
mended. If satisfactory clinical comparisons are to be made be- 
tween various antirachitic substances it will be necessary to set up 
and follow a standardized procedure for the various studies made. 
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On the Protein Nature of Prolactin and of Follicle-Stimulating 
Hormones. 


ROBERT W. BATES, OSCAR RIDDLE, anp ERNEST L. LAHR. 


From the Carnegie Institution, Station for Experimental Evolution, Cold Spring 
Harbor, L. I. 


The methods used in the separation and purification of prolactin 
suggest that this hormone is a protein, but since it has not yet been 
obtained in a pure state the possibility of its adsorption on inert 
protein is not thus excluded. It is therefore desirable to learn 
whether prolactin is affected by tryptic digestion. 

That prolactin is rapidly destroyed by trypsin is shown by the 
data of Table I. Almost complete destruction in 2 hours by a 
TABLE I. 

Destruction of prolactin (preparation No. 237) by digestion with trypsin 


(2 hours at 37° C.). Tests made on crop-glands of immature ring doves (material 
injected in 4 equal daily doses and weights taken 96 hours after first injection). 


Crop-gland weights, mg. 


——_— Potency 
Test Mg. Untreated in bird 
Preparations animal prolactin controls Treated units 
Prolactin, no trypsin A 16 300-400 2,400 400 
B 16 eatin 2,410 
Prolactin + trypsin C 16 Ae Ag 410 2 
(digest) D 16 4S 380 
E 16 She te 430 
F 16 SL 610 


purified trypsin is obtained. The prolactin preparation used in this 
test was relatively pure and highly potent. Both the control and 
digest were, at the beginning of the test, at pH 8.0 and were simi 
larly kept at 37°C. At pH 8.0 we have repeatedly found that pro- 
lactin will withstand boiling for 1 hour with only slight or moderate 
loss of potency. No earlier observations on the effect of digestive 
enzymes on prolactin have been reported. 

The rapid destruction of follicle-stimulating hormone (F.S.H.), 
obtained from the anterior pituitaries of beef by methods previously 
described,’ is shown by the data of Table Il. The testes of both 
birds given F.S.H., heated at pH 8.0 but not subjected to trypsin, 
are indicated as having increased by something more than 500%. 
The testes of all of the 4 birds receiving the trypsin digest (birds 


1 Riddle, O., Bates, R. W., and Dykshorn, S. W., Am. J. Physiol., 1933, 105, 
191. 
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TABLE I. 

Destruction of folliclestimulating hormone (preparation No. 243) by diges- 
tion with trypsin (4 hours at 37° C.). Tests made on the testes of immature 
(2.1-2.9 months) ring doves (material injected in 4 equal daily doses and weights 
taken 96 hours after first injection). 


——Weights of testes, mg —— 


Test Average control 

Preparations animal Mg. F.S_H. for age Treated 
PF. S. H, no trypsin G 4 8.7 49.2 
H - 6.5 34.0 
FP. S. H. + trypsi I & 6.3 6.6 
(digest) J 8 6.3 8.8 
K - 6.5 6.8 
L 4 7.8 10.7 


I and J got double dosage) showed only or relatively insignificant 
gains in weight. Simce size increase in testes of the immature dove 
represents a specific response to the F.S.H. (here the weight is not 
increased by a Prolan B factor) this result has definite significance. 
Under these conditions still other relatively pure preparations of 
F_S.H. have been shown to withstand heating to 37° for 2 and for 
4 hours with little loss of potency. A quite different test for F.S.H. 
potency has been used in another study; that test likewise shows 
that trypsin rapidly destroys the F.S.H. derived from both pituitary 
and pregnant urine. 

It has recently become evident that one substance (Prolan A) 
which has long been recognized in pregnant urine is the equivalent 
of the F.S.H. of the pituitary. Reiss and Haurowitz™ * have pre- 
viously shown that F.S.H. from both sources is digested by trypsin 
(completely im 3 or 20 hours) and not by polypeptidases. The 
mouse ovary and uterus served as test objects for potency in their 
studies. Our tests made on the true F.S.H therefore confirm earlier 
work. 

Summary. Prolactin is a protein-like substance which at pH 8.0 
is almost completely destroyed by trypsin in 2 hours at 37°C. In 
confirmation of previous work. though using the bird testis instead 
of the rodent ovary to test potency, it is found that the follicle- 
stimulating hormone obtained from the anterior pituitaries of cattle 
is very rapidly destroyed by trypsin under the above-named condi- 
tions. 

2 Reiss, M_ and Haurowitz, F.. Z. Ges. Exp. Med., 1929, 68, 371. 

3 Reiss, M., Schaffmer, A. and Haurowitz, F., Endokrin., 1931, 8, 22. 
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Some Physical Properties of the Nuclear Membrane. 


BASILE J. LUYET ann RUTH A. ERNST. 
From the Department of Biology, St. Louis University. 


During the last 50 years several investigators have described 
processes which bring into evidence such physical properties of 
nuclear membranes as resistance to deformation, extensibility, elas- 
ticity, etc. (Albrecht,* Mottier,” Kite,*> Chambers,* Nemec’). Our 
observations made on resting nuclei of the embryonic region of the 
onion root tip, centrifuged at 30,000 g., (35,000 r.p.m., radius: 
22 mm.) are a contribution to the stock of facts already accumu- 
lated by these authors. 

The root tips, cut off at a length of 18 mm. were fastened by 
their cut end in a brass tube 15 mm. long and slightly wider than 
the roots; their free ends were in the centrifugal direction. The 
tubes were fixed firmly to the rotor of a Sharples electric super-cen- 
trifuge. The rotor contained some Knop’s plant medium in order 
to keep the roots steadily immersed. The centrifugation lasted 
from 10 minutes to 2 hours. The roots were then fixed in Flem- 
ming’s fluid; and stained either with Heidenhain’s iron haema- 
toxylin or Flemming’s triple stain. 

After a short centrifugation, the nuclear content is concentrated 
at the bottom of the nuclei and a clearer space appears at the top. 
Then the whole nuclei are thrown to the bottom of the cells. (Fig. 
1 A.) So far these results are the same as those obtained by 
previous investigators working with a much lower centrifugal force. 

After a longer centrifugation the nucleus flattens against the 
floor of the cell, taking a more or less hemispheric shape, eventually 
forming an angle of less than 90° between the horizontal diameter 
of the hemisphere and the vertical portion of the nuclear membrane 
(Fig. 1B). The diametric line is perfectly straight and shows no 
evidence of any folding or shrinking. At the top of these hemi- 
spheric nuclei one can almost always observe an elevated portion 
of the membrane which encloses a transparent region and reminds 
one of a blister. The elevated portion takes often the shape of a 


1 Albrecht, E., S. Ges. Morph. Phys., Miinchen, 1898, 14, 133. 
2 Mottier, Annals of Bot., 1899, 13, 325. 

3 Kite, G., Biol. Bull., 1913, 25, 1. 

4 Chambers, R., Biol. Bull., 1918, 34, 121. 

5 Nemec, B., Protoplasma, 1929, 7, 423. 
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A-E, camera lucida drawings of deformed nuclei, centrifuged: A, 10 min., 
B and C, 30 min.; D and #, 2 hours; F and G, diagrams illustrating the discus- 
sion. The scale applies only to the five drawings. 


conical beak (Fig. 1C and D) pointing towards the center of the 
cell. The length of the beak is often more than the diameter of 
the nucleus. The membrane is thin in the elevated portion; it be- 
comes abruptly thick on the spherical part of the nucleus and is still 
thicker on the diametric line. In some longer cell (Fig. 1 E) the 
centrifuged nucleus does not reach the bottom of the cell even in 
two hours; the shape of the nucleus is that of a bottle gourd with a 
long neck. 

The transformation of a sphere into a hemisphere of the same 
volume requires that the membrane expand its area by 19% (Fig. 
1G). The formation of the neck in bottle gourd shaped nuclei 
increased the length of the peripheric line, as seen in a plane sec- 
tion, by 68% in the specimens with the longest neck; the base of 
comparison being the average peripheric length of uncentrifuged 
spherical nuclei. Since the distension appears to be localized in a 
small area, the coefficient of ductility is apparently very high. The 
absence of wrinkles or of a reversed curvature on the diametric side 
of the hemispheric nuclei, where the surface from spherical became 
plane, might indicate a possible local reduction of area by contrac- 
tion or by fusion of the wrinkles; but since the total area of the 
nucleus is increased, no sure conclusion concerning contractility 
can be reached. We do not think that the differences in the thick- 
ness of the membrane can be used to show ductility or contractility ; 
they are probably due to differences of thickness in the optical 
section. 
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The fact that no rupture has ever been observed, either in the 
hemispheric form on the weak points constituted by the right angles 
or in the bottle gourd forms at the points where the pulling action of 
the heavy portion of the nucleus is exerted with more intensity 
(Fig. 1F, arrows) shows a certain mechanical resistance. 

In general the physical properties of the nuclear membranes de- 
scribed here are of the type found in interfaces between 2 immis- 
cible fluids of different specific gravity and viscosity. 
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Absence of Antiviral Substance in Normal Adults for the Virus 
of the St. Louis Encephalitis Epidemic.* 


MAURICE BRODIE.t 


From the Department of Bacteriology, New York University, and Bellevue Hos- 
pital Medical School and Bureau of Health Laboratories, New York City. 


Webster and Fite’ * * have reported, that on the basis of serolog- 
ical tests, the virus isolated from the St. Louis encephalitis epi- 
demic is not related to that of louping-ill, vesicular stomatitis, 
equine encephalomyelitis, acute anterior poliomyelitis, Japanese en- 
cephalitis (Type B), herpes, or chronic cases of von Economo’s 
disease. The present work confirms and extends some of these 
findings. 

To determine further whether or not there exists any relationship 
between the virus of the St. Louis epidemic and herpes virus, since 
there is a possible relationship between the latter virus and that of 
epidemic encephalitis (reviewed by report of Matheson Commis- 
sion*) both of these viruses were studied. Since neither rabbit, 
guinea pigs, nor rats could be infected with the encephalitis virus 
and since animals actively immunized against the latter were found 
not immune to herpes virus, it was evident that, as far as our tests 
went, there was no apparent relationship between the 2 viruses. 


* This research was aided by grants received from the New York Foundation 
and Rockefeller Foundation. 

t Fellow in Medicine, National Research Council. 

1 Webster, L. T., and Fite, G. L., Science, 1933, 78, 463. 

2 Webster, L. T., and Fite, G. L., Proc. Soc. Exp. Bron. AND MEp., 1933, 31, 
344. 

3 Webster, L. T., and Fite, G. L., Science, 1934, 79, 254. 

4 Epidemie Encephalitis—Report of a Survey by the Matheson Commission, 
New York, Columbia University Press, 1929, 1932. 
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In the following experiments, to test a serum for antibodies, the 
serum was mixed with equal quantities of virus suspension of 
various concentrations. The mixtures were incubated at 37°C. for 
1 hour during which time they were agitated frequently. Then 0.03 
cc. was injected intracerebrally into mice. Simultaneous virus 
titrations were carried out. A serum which failed to neutralize 1-10 
minimal infective doses of virus was said to be devoid of neutraliz- 
ing substances. 

A series of 16 cases of chronic encephalitis, of 1 to 14 years 
duration and all showing Parkinsonian syndrome, were tested for 
antibody content. One patient was a Montreal resident, the others 
attended the Bellevue Hospital Neurological Clinic. Nine of the 
group had a history of a definite acute onset. None of these serums 
had neutralizing substances. 

As cases in the St. Louis outbreak resembled the Australian X 
disease in many respects, and since, as was pointed out previously,’ 
Breinl isolated the virus of poliomyelitis from 2 cases of the Austra- 
lian X disease, poliomyelitis antiserums were tested for encephalitis 
antibodies. Two human convalescent serums, a normal adult serum, 
a monkey convalescent serum, and the serums of both an actively 
immunized horse and monkey were tested. All of these serums 
had a high antiviral action against the virus of poliomyelitis, but 
none neutralized the encephalitis virus. Moreover, Macacus rhesus 
monkeys, which are highly susceptible to poliomyelitis virus, proved 
fairly resistant to encephalitis virus. 

Since from a Japanese epidemic of encephalitis,” ‘ a virus re- 
lated to or perhaps identical with rabies virus, was isolated by 
Kobayashi,* the serums of 3 animals immunized against rabies virus 
and having demonstrable antibodies against the virus were tested. 
None of the serums neutralized the encephalitis virus. 

The serums of normal individuals, 9 from St. Louis, and 68 from 
New York were tested. None of these people had any history of 
exposure to the virus. Five of the serums were from infants and 
the remainder from adults, whose ages ranged from 20 to 50. All 
of these serums failed to neutralize the encephalitis virus. Four of 
these serums were obtained from workers in this laboratory, 2 of 
whom had worked continuously with the virus. Tests were first 
carried out when the virus was introduced into the laboratory and 
retests were done some 314 months later. The results of all the 
tests were negative. 


6,7 


5 Brodie, M., Am. J. Dis. Child., in press. 
6 Kobayashi, A., Japan M. World, 1925, 5, 145. 
7 Cowdry, E. V., J. Exp. Med., 1927, 45, 799. 
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That von Economo’s disease and the St. Louis outbreak of en- 
cephalitis are due to different etiological agents is quite evident 
from these experiments and those of Webster and Fite.* This is 
further borne out in the difference in the seasonal and age inci- 
dence of the two diseases. Moreover, up to the present, no Parkin- 
sonian-like sequellae have been reported from the 1933 outbreak in 
St. Louis, nor from similar cases reported in Paris, Ill., in the 
previous year. 

Antiviral substances have been reported in the serums of recov- 
ered individuals and in those of physicians and nurses who have 
been in close contact with cases.“ The fact that the serums of 9 
individuals from St. Louis and 68 from New York, all without a 
history of contact, had no demonstrable neutralizing substance, sug- 
gest that the encephalitis antibody is specific and the result of ex- 
posure to the virus. It appears, therefore, that contact with the 
virus can result in either the disease or immunity, the latter being 
due, perhaps to reaction with the virus or a subclinical attack of 
the disease. In the present work there was no evidence to show 
that exposure to the mouse passage virus gave immunity, although 
the intracutaneous inoculation of virus into mice gave a high degree 
of immunity. 


7514 C 
Experiments with Virus of the St. Louis Epidemic of Encephalitis. * 


MAURICE BRODIE.t 


From the Department of Bacteriology, New York University, and Bellevue Hos- 
pital Medical School and Bureau of Health Laboratories, New York City. 


Workers have reported the successful transmission of a virus 
isolated from cases of the St. Louis epidemic of encephalitis to 
monkeys* and to monkeys and mice.” * Through Dr. Holden of the 


8 Barr, David L., Meeting Amer. Coll. Physicians, Chicago, 1934. 

tI wish to thank Dr. Theodore C. Hempelmann who furnished the serums 
obtained from St. Louis residents and Dr. Josephine B. Neal, for her helpful 
interest in the work. 

*This research was aided by grants received from the New York Foundation 
and Rockefeller Foundation. 

+t Fellow in Medicine, National Research Council. 

1 Muckenfuss, R. 8., Am. J. Pub. Health, 1933, 23, 1148. 

2 Muckenfuss, R. 8., Armstrong, C., and McCordick, H. A., Pub. Health Rep., 
1933, 48, 1341. 

3 Webster, L. T., and Fite, G. L., Science, 1933, 78, 463. 
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College of Physicians and Surgeons was obtained some of the virus 
used by Dr. Armstrong which had undergone 13 serial passages in 
white mice. The intracerebral infective dose of the virus varied 
between 0.03 cc. X 10° to 0.03 cc. X 10 during the course of this 
work. 

The present work deals with experimental passage of the virus, its 
preservation, and its resistance to germicides. White mice showed 
a fairly uniform susceptibility to the virus. After 3 to 5 days’ 
incubation, the animals developed a hyperirritability, ataxia, con- 
vulsions and paralysis. Mice receiving attenuated virus or border- 
line infective doses developed very mild attacks, with tremors 
lasting only a day or two. Of 4 such animals tested, one showed 
immunity against subsequent infection. 

Attempts to pass the virus to guinea pigs, rabbits, rats, kittens 
and ferrets were negative. Intracerebral and intraperitoneal inocu- 
lations in 5- to 6-weeks-old rats and 24-hour to 6-months-old guinea 
pigs were done and in many instances were redone at intervals. 

One monkey, given 1 cc. intracerebrally (motor cortex) and 2 cc. 
intraperitoneally of a 10% suspension of the 26th passage in mice, 
developed a rise in temperature after 4 days, followed by a general 
slowness and awkwardness, tremors and ataxia. When sacrificed 
3 days later, these symptoms were still manifest. Since others had 
found the maintenance of the virus strain through monkeys diff- 
cult, it was decided to use for serial passage those parts of the 
monkey’s central nervous system that contained the most virus. 

To determine this, the following areas were tested for virus by 
either intracerebral or combined intracerebral and intraperitoneal in- 
oculations in mice:—different areas of the cerebral cortex, e. g., 
Rolandic, frontal, parietal and temporal regions; cerebellum includ- 
ing both cortex and ganglia; basal ganglia, hippocampus, mid-brain, 
brain stem, cervical, lumbar and dorsal cord. Only the frontal 
region, mid-brain and lower cord had demonstrable virus, in small 
amounts. A concentrated suspension of frontal lobes produced 
merely tremors and then recovery, or the typical attack only after a 
prolonged incubation period; while suspensions of the mid-brain and 
lower cord, both of which produced an attack in mice in the usual 
incubation period, failed to infect at higher dilution than 1 in 5. 

A monkey which received a thick suspension of mid- brain intra- 
cerebrally and intraperitoneally, developed no symptoms after this 
injection nor after a reinjection 9 days later of a similar amount of 
a suspension of mid-brain and lower cord. Subsequent test showed 
no antiviral substances in this animal’s serum, although it had re- 


7 ie 5. 
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ceived 2 intraperitoneal injections of virus suspension, thereby cor- 
roborating the low virus content of the inoculums. The serums of 
relatively insusceptible animals, such as the monkey, and of animals 
refractory to the virus, were tested for neutralizing substances. 
The tests were carried out as given in the previous paper. The 
serums of 3 monkeys, 2 rats, 2 kittens, 6 rabbits, and 5 guinea pigs 
showed no antiviral action for they failed to neutralize from 1-10 
infective doses of virus. 

To compare various methods of preserving the virus, and to 
maintain an even distribution for comparative work, the following 
methods were tried, viz., emulsified brain, kept both at ice-box tem- 
perature (3-6°C.) and frozen; brain tissue ground well in an equal 
amount of glycerine (Schering-Kahlbaum) and kept at ice box 
temperature or frozen; and whole brain in glycerine at ice box 
temperature. By the latter method, suspensions were made using 
several pieces of a few brains. 

Mouse brain suspension frozen with or without glycerine retained 
its infectivity for at least 3 months, although there was a loss of 
approximately 90% of the potency the first 2 weeks. None of the 
3 methods used at ice box temperature were satisfactory, for the 
virus was non-infective in a month or less, and at the end of 2 weeks 
approximately 99% of the infectivity was lost. 

The resistance of the virus contained in a suspension of infective 
brain tissue, to both formalin and phenol, was tested; the former at 
20-29, Cand at 5-/7°C., the latter at 5-7°. Equal parts of a 10% 
brain suspension and double the required amount of germicide 
were mixed. The mixture was shaken frequently. Mice were in- 
jected intracerebrally, and intracerebrally and intraperitoneally with 
the germicidally treated virus suspension. 

The virus was quite resistant to phenol for it was still infective 
after being in contact with 1% phenol for 25 days and 0.5% phenol 
for 50 days, at ice box temperature. 

The virus was much more susceptible to the action of formalin. 
This germicide in a concentration of 0.1% rendered the virus non- 
infective between 12-18 hours at room temperature and from 7-9 
days at 5-7°. Likewise, 0.2% formalin inactivated the virus be- 
tween 9 and 12 hours at 20° and 35 days at 5°. 

These experiments confirm and extend the findings of Webster® 
that the mouse is the only susceptible animal among the common 
small laboratory animals. Moreover, the mouse is decidedly more 
susceptible to the virus than is the monkey. The monkey showed 
a diffuse distribution of virus in the frontal region, mid-brain and 
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lower cord. No attempt was made to correlate these findings with 
the histological picture in the monkey central nervous system be- 
cause an attempt to transmit the virus in serial passage through the 
monkey failed. However, this finding is in keeping with the dif- 
fuse distribution of lesions found in the human.* The insuscepti- 
bility of other laboratory animals to the virus may be explained by 
a tissue insusceptibility rather than humoral antiviral action. 
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Production of a Hyperimmune Antipoliomyelitic Horse Serum.* 


M. SCHAEFFER.t (Introduced by William H. Park.) 


From the Laboratories of the Department of Bacteriology, New York University, 
and Department of Health, New York City. 


It is generally accepted that immune serum is of little or no 
therapeutic benefit in poliomyelitis, as well as in other filterable virus 
diseases. However, it may be of value prophylactically, but this 
has not as yet been fully demonstrated. Successful passive immu- 
nization against some virus diseases leads one to suppose that such 
protection may possibly be afforded against poliomyelitis when an 
antiserum of sufficient potency is produced. Numerous attempts’* 
with varied degrees of success, have been made to prepare an ef- 
fective antiviral serum in large animals. The production of a potent 
antipoliomyelitic horse serum was first accomplished in 1929 in 
these laboratories’ and at about the same time in England.* More 


4 McCordock, H. A., Am. J. Pub. Health, 1933, 28, 1152. 

* This work was begun by the author in the fall of 1931 with the late William 
B. Brebner in the laboratories of Dr. E. V. Cowdry at Washington University, 
St. Louis. Supported by grants from Eli Lilly and Company and the Milbank 
Fund for the Study of Infantile Paralysis. 

+ The author wishes to express his gratitude to Dr. Wm. H. Park, Dr. E. V. 
Cowdry, and Mr. W. A. Jamieson for constant advice and encouragement in this 
work and wishes to thank Dr. Maurice Brodie for confirming the unusually high 
titres using a different neutralization test method. 

1 Flexner, S., and Lewis, P. A., J. Am. Med. Assn., 1910, 55, 662. 

2 Dixon, S. G., and Rucker, J. B., J. Infect. Dis., 1918, 23, 543. 

3 Pettit, A., Compt. rend. Soc. biol., 1918, 81, 1087; Bull. gen. de Therap., 
1925, 176, 389. 

4 Neustaedter, M., and Banzhaf, E. J., J. Am. Med. Assn., 1917, 68, 1531. 

5 Weyer, E. R., Park, W. H., and Banzhaf, E. J., Am. J. Path., 1929, 5, 517; 
J. Exp. Med., 1931, 53, 553. 

6 Fairbrother, R. W., Brit. J. Exp. Path., 1930, 114, 43. 
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recently, Howitt’ and Schultz and Gebhardt* have reported excep- 
tional response toward immunization treatment with poliomyelitic 
virus in the sheep, goat and horse. 

These investigators used suspensions of infected monkey brain or 
cord, as antigen. This was inoculated into the animals frequently 
and over long periods. A resultant serum, upon clinical trial in the 
New York poliomyelitis epidemic of 1931, proved to contain a toxic 
factor (probably a nerve tissue antibody). Toxicity tests con- 
ducted by the author upon several such serums showed that 2 of 
them were highly toxic for monkeys in 10 cc. doses with fatal re- 
sults in some cases within 8 hours following intraperitoneal injec- 
tion. The toxic effect of one of these serums was also observed by 
Kramer.” 

The obvious need of a protein-free virus extract led to the suc- 
cessful attempt to purify virus emulsions by adsorption and elu- 
tion.*? Immunization of horses was then begun with such eluates. 
Three horses were selected and their serums tested for the pres- 
ence of natural viricidal substance before treatment was begun. All 
these serums were negative. The horses were inoculated at weekly 
intervals by the intrasplenic route, this being chosen on the basis 
of Brebner’s observations on the relation of the spleen to immu- 
nity to poliomyelitis. Starting with 20 cc. amounts given weekly, 
the doses were gradually increased until 200 cc. doses were reached 
and continued to finish out a 6 month period of intrasplenic treat- 
ment. Intramuscular and subcutaneous inoculations given at about 
weekly intervals were then instituted and continued for another 
period of 9 months. Bleedings were taken at intervals and in vitro 
neutralization tests, to detect the quantity of antiviral substance, 
were made. All of these tests were carried out according to the 
method described by Shaughnessy.” 

The results may be briefly summarized as follows: 

Horse No. 1246—Serum of this horse showed a neutralization 
titre of 1:5 (serum:virus) after first month of treatment. Failed 


7 Howitt, B. F., J. Infect. Dis., 1932, 50, 26. 

8 Schultz, E. W., and Gebhardt, L. P., J. Immun., 1934, 26, 93, 

9 Kramer, S. D., personal communication. 

10 Schaeffer, M., and Brebner, W. B., Arch. Path., 1933, 15, 221. 

11 Brebner, W. B., Am. J. Path., 1931, 7, 546; Proc. Soc. Exp. Biou. AND 
Mep., 1932, 29, 351; and numerous unpublished observations made in conjunction 
with author. 

12 Shaughnessy, H: J., Harmon, P. H., and Gordon, F. B., J. Prev. Med., 1930, 
4, 463. 


1234 Vacus INHIBITION OF HEART 


to show increase in titre after 4 months of further treatment. Dis- 
carded and replaced by Horse No. 1204. 

Horse No. 1204—Serum showed an increasing rise in neutraliza- 
tion titre, reaching maximum of 1:40 after 6 months. Subsequent 
subcutaneous and intramuscular injections failed to increase po- 
tency of its serum. 

Horse No. 1247—Serum reached maximum neutralization titre of 
1:60 after 6 months of treatment. Subsequent intramuscular and 
subcutaneous inoculations raised the potency of its serum to a titre 
of 1:100. The concentrated pseudoglobulin of this serum has a 
neutralizing power of 1 :1200.+ 

The serum and concentrate is not toxic for monkeys even when 
given in doses as large as 90 cc. 

Preliminary experiments on passive immunization, with the serum 
concentrate, indicate that it may be of value, since monkeys have 
been protected against intracerebral doses of highly infective virus 
for several days. 

Two new sets of horses are now being immunized by different 
methods with the hope of obtaining even more potent products. 


7516 C 
Modification of Vagus Inhibition of the Heart by Quinidine. 


M. H. NATHANSON. 


From the Department of Medicine, University of Minnesota, Medical Service, 
General Hospital. 


Quinidine acts directly upon the myocardium and is a powerful 
cardiac depressant. The drug depresses auriculo-ventricular conduc- 
tion and retards the rate of the sinus node in dogs.* Auricular irri- 
tability is definitely diminished in the terrapin’s heart.2, However, 
when applied to clinical cases of hyperactivity of the sinus node as 
in sinus tachycardia, quinidine does not consistently exhibit its 
depressor effect. The rate of the sinus rhythm is frequently 
increased rather than retarded. 


t This serum is 3 to 4 times as potent, and the concentrate about 40 times as 
potent as human convalescent serum. The concentrate is at least 10 times as 
potent as the previous one prepared in this laboratory.5 

1 Lewis, T., Drury, A. N., Iliescu, C. C., and Wedd, A. M., Heart, 1921, 9, 55. 

2 Hirschfelder, A. D., and Cervenka, C., J. Pharm. and Exp. Therap., 1925, 
26, 19. 
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Lewis and his associates’ have demonstrated in dogs that in addi- 
tion to its direct cardiac action, quinidine also modifies the response 
of the heart to vagus stimulation. The prolongation of auriculo- 
ventricular conduction time on vagus stimulation was markedly 
lessened under quinidine. In some instances vagus stimulation 
actually shortened the conduction period. The reaction of the sinus 
node to vagus stimulation was only slightly affected. In the cat, 
however, Dale® showed that the vagus effect on the sinus node was 
not only eliminated by quinidine, but a reversal of vagus action could 
be obtained with an acceleration of the sinus rate. In man it is 
possible to study the effect of vagus stimulation on the sinus node 
by application of the carotid sinus reflex. In some subjects an 
intense reflex stimulation of the vagus nerve is obtained‘ 
with temporary inactivity of the sinus node and cardiac standstill. 
This reaction can be abolished by atropine. Six subjects were 
selected in whom a prolonged cardiac standstill could be consistently 
induced by pressure on the right carotid sinus. These subjects were 
repeatedly tested to determine the consistency of the response. In 
each instance a uniform reaction was obtained under repeated appli- 
cation of the reflex. Following a control electrocardiogram record- 
ing the effect of right carotid sinus pressure, quinidine sulphate was 
administered orally for a period of 4 or 5 days in increasing doses. 
On the final morning of the experiment 1.8 to 2.2 gm. was given in 
divided doses. One hour after the last dose, an electrocardiogram 
was made, again recording the effect of carotid sinus pressure. In 
each case the prolonged standstill (intense vagus effect) was 
replaced by a slight slowing of the sinus rate (mild vagus effect). 
Figures 1 and 2. 


Fig. 1. 
Subject H. B. Upper strip shows cardiac standstill (R — R = 9.1 seconds) 
after pressure on right carotid sinus (arrow). The lower strip after administra- 
tion of quinidine sulphate 2 gm., maximum R — R — 2.2 seconds. 


3 Dale, H. H., Heart, 1921, 9, 87. 
4 Nathanson, M. H., Proc. Soc. Exp. BioL. AND MED., 1932, 29, 1037. 
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Fie. 2. 
Subject J. Q. Upper strip shows cardiac standstill (R — R = 11 seconds) 
after pressure on right carotid sinus (arrow). Lower strip after administration 


of quinidine sulphate 2.2 gm. Carotid sinus pressure produces slight slowing of 
heart rate from 80 to 58 per minute. 


These observations indicate that the action of the vagus nerve on 
the sinus node in the human heart is definitely modified by quini- 
dine. This effect must influence the general reaction of the heart 


to the drug and may explain the variable results which follow its 
administration in clinical cases. 


Peiping Section. 


Peiping Union Medical College, May 16, 1934. 
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Studies on Radiation Leucopenia. I. Effects of Pentnucleotide 
in Rabbits. 


H. T. KIMM anp J. W. SPIES. (Introduced by C. M. Van Allen.) 
From the Department of Surgery, Peiping Union Medical College. 


Recently, nucleic acid salts have been widely used in the treatment 
of agranulocytosis with encouraging results. It seems, therefore, 
that this form of treatment might also be applicable to leucopenia 
produced by radiation. 

Normal, female rabbits of from 3 to 4 months old were used. 
The leucopenia was induced by roentgen radiation. A single expo- 
sure (650 r units corresponding to 100% E.S.D.) of 46% minutes 
duration was given over the dorsal aspect of the body excluding the 
head. The factors were 130 K.V., 4 ma., 6 mm. Al. filtration, 30 
cm. skin-target distance. Immediately after the termination of the 
radiation, 2.5 cc. (0.175 gm.) of pentnucleotide* was injected 
intravenously and then twice daily for 10 consecutive days. Daily 
R.B.C. and W.B.C. counts, Hb. determinations (Sahli), and differ- 
ential W.B.C. counts (Wright's stain) were made with blood taken 
from the ear vein, at the same hour of the day, both before radiation 
and for an average period of 4 weeks after radiation. The control 
series included 8 rabbits; of which 3 received radiation without 
pentnucleotide, 3 received pentnucleotide without radiation, and 2 
were given 2.5 cc. of a watery solution of 0.3% cresol (containing 
no pentnucleotide) twice daily for 10 days. The weight, tempera- 
ture, and the general appearance of the animals were noted three 
times a week. 


*A watery solution of the sodium salts of pentose nucleotides preserved with 
0.3% eresol (Smith, Kline & French Laboratories, Philadelphia). 
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In the animals that received pentnucleotide alone, there was 
marked increase in the total number of granulocytes and lympho- 
cytes, which appeared on the sixth to tenth day and lasted through- 
out the period of observation. The rabbits that received cresol solu- 
tion alone showed no appreciable change in the W.B.C. count. Those 
which had radiation alone suffered a definite reduction in the total 
number of W.B.C. occurring between the 3rd and 5th days follow- 
ing the exposure, after which there was a gradual rise, with return 
to normal between the fifteenth and seventeenth days. A typical 
case is represented in the lower chart of the accompanying figure. 
The rabbits which received radiation and pentnucleotide, displayed 
essentially the same type of reaction to the radiation as did those 
of the preceding group. See upper chart of the figure. The general 
appearance, weight, temperature, R.B.C. count, and Hb. of all the 
rabbits remained unaffected throughout the period of observation. 

It seems that practically no effect can be attributed to the pent- 
nucleotide. This may be due to a depression of the bone marrow 
by the roentgen rays, independent of the metabolism of nucleic acid. 


_—— 
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Osteogenic Power of Tibial Periosteum. 


H. C. FANG, Y. K. YUAN, anp LEO J. MIL'PNER. 


From the Diwision of Orthopedic Surgery, Department of Surgery, Peiping Union 
Medical College. 


In previous experiments’ it was shown that a great difference 
exists in the osteogenic power of the periosteum of the rib and tibia 
of the same animal. Periosteum from only the mid-portions of these 
bones was tested. In the present experiments, specimens of peri- 
osteum of various portions of the tibia were compared with each 
other in this respect. 

Rabbits, 6 to 12 months old, and adult dogs were used, in 3 
groups. In each animal, equal strips of bone-free periosteum were 
aseptically removed from different parts of the bone’s antero-medial 
aspect and laid upon the fascia of the corresponding tibialis anticus 
muscle. After 514 to 10 weeks, the specimens were removed and 
examined for the extent of osteogenesis. 

Group 1, 4 rabbits. The specimens were from the upper and 
lower thirds of the shaft of the tibia. New bone formed in both, 
but it was about 5 times more abundant in the specimen from the 
upper third. In each case, the end of the graft originally nearer 
the epiphysis had more bone than the other. 

Group 2, one rabbit and 2 dogs. The specimens were from the 
upper, middle, and lower thirds of the bone. Those from the middle 
third developed no bone; and the others behaved as in group 1. 

Group 3, 2 dogs and 2 rabbits. The grafts were from the upper 
third and from the junction of the middle and lower thirds of the 
shaft of tibia. The positions of the transplantations were reversed 
(in order to control the factor of possible differences in vascularity 
of different parts of the tibialis anticus muscle fascia). The trans- 
plants from the upper third of the shaft showed solid sheets of bone, 
while those from the junction of the middle and lower thirds of the 
shaft showed only a very slight amount of osteogenesis—slightly 
less than that formed in the grafts taken from the lower one-third 
of the shaft as in groups 1 and 2. 

These experiments show that free grafts of periosteum from the 
upper third of the shaft of the tibia have a very marked capacity for 
forming new bone, that those from the lower third are the next 


1 Fang, H. C., and Miltner, L. J., Proc. Soc. Exp. Bion. AND MeEp., 1933, 
31, 386. 
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most active, and that those from the middle third are the least 
active. Apparently, the nearer the source of the graft is to the 
epiphysis, upper or lower, the greater is the osteogenic power. The 
differences as to the site of implantation of the graft seemed to be 
unimportant in this respect. 

Clinical observations on the rapidity of the repair of fractures (in 
man) in these different parts of the tibia correspond closely with the 
osteogenic power as shown in these experiments. 
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Narrowing of Artery from Contraction of Experimentally Produced, 
Fibrous Capsule. 


C. C. CHANG anp C. M. VAN ALLEN. 
From the Department of Surgery, Peiping Union Medical College. 


Previously the contractibility of capsules of young sterile fibrous 
tissue surrounding pulmonary lobes and intestinal segments, organs 
offering little resistance to the constriction, was studied;”** 
whereas the present work concerns the contractibility of such tissue 
about arterial segments, where far greater resistance occurs. 

Fourteen arteries, femoral and carotid, in 6 dogs, were handled. 
Initial treatment in each case: Under aseptic precautions, a short 
length of the vessel was exposed by incision and loosely wrapped 
once around with light, close-woven, collodion-impregnated, silk 
cloth or with thin rubber dam. This material was 3 cm. long and 
just wide enough loosely to encircle the vessel; after application, its 
opposing edges were fastened together with silk sutures. The wound 
was closed. Seven to 105 days after operation, the vessel was 
removed in toto, injected first with lipiodol at arterial pressure for 
roentgenographic determination of the size of the lumen, and 
injected afterward with formalin for fixation and section. 

Two of the wounds became infected and the specimens were 
rejected. In the other cases, the findings were as follows: The 
envelop, bathed in a little sero-fibrinous exudate, lay loosely about 

1Van Allen, C. M., and Wang, T. T., Proc. Soc. Exp. Brow. AND MEp., 1933, 
30, 812. 

2 Wolfe, J. J., Wang, T. T., and Van Allen, C. M., J. Thoracic Surg., 1934, 
3, 300. 

a Van Allen, C. M., and Chao, Y. ©., Proc. Soc. Exp, Bion. AND MxEp., 1934, 
31, 1242, 
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the vessel. All adjacent tissues had developed a layer of fibrous 
tissue, 1 mm. or less in thickness, next to the foreign material, the 
layer on the inside of the envelop having developed from the adven- 
titia of the artery and constituting a capsule around the vessel. This 
layer could be easily stripped from the muscularis. In the younger 
specimens, it was composed of closely packed, well preserved fibro- 
blasts and, in the older ones of relatively acellular, largely hyalinized 
fibrous tissue. The muscularis and intima were without cellular 
change, and the lumen was quite empty. The size of the latter 
varied greatly, depending on the age of the specimen. Table I gives 
the calibre of the enveloped part of each vessel relative to that of 
the non-enveloped, immediately adjacent parts. The 7-, 58-, and 
105-day specimens showed no reductions of calibre; but the others 
were all more or less extensively strictured. Arranged in order of 
increasing age, the specimens of 10 to 24 days exhibited irregularly 
progressive reductions, while those of the following 81 days showed 
irregularly progressive increases in calibre. The silk and rubber 
seemed to react similarly. Thrombosis was entirely lacking. 


TABLE I. 
Dog Enveloped Envelop Period of Cross-sectional 
No. Artery Material Envelopment Area of Lumen 
(days) (% of normal) 
1 Carotid Silk 7 100 
2 sad a 10 70 
3 4 Rubber 14 26 
4 Femoral Silk 14 13 
1 ate Hy 14 25 
sf 4 oe 21 13 
oa 2? 33 3] 4 
4 33 3? 24 4 
1 Carotid 7 28 62 
2 A Rubber 58 100 
6 Femoral 6s 73 28 
5 a2 “ea 105 100 


The narrowing of the vessels seemed due to a concentric contrac- 
tion of the fibrous capsules surrounding them. Probably the high 
intravascular pressure, in the presence of hyaline degeneration of the 
capsule, was responsible for the dilatation; since in the previous 
experiments with relatively slight resistance to the cicatricial con- 
traction, the narrowing persisted indefinitely. Attention is recalled 
to the fact that the cicatrix here represented developed under aseptic 
conditions, for there is reason from other experiments to suppose 
that the contractibility of such tissue is very different (much less 
than that of infected scar. 

The constriction of veins by this process is being studied. Those 
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vessels, too, may become extensively etnies without injury to 
the walls and without thrombosis. 
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Narrowing of Intestine from Contraction of Experimentally Pro- 
duced, Fibrous Capsule. 


C. M. VAN ALLEN anp Y. C. CHAO. 
From the Department of Surgery, Peiping Union Medical College. 


The constrictive force of a capsule of young sterile fibrous tissue 
surrounding short segments of intestine was studied, as an extension 
of previous experiments in the contractibility of this tissue." ? 

Twelve different segments of ileum, 3 in each of 4 dogs, were 
treated. Operation: The abdomen was opened under aseptic pre- 
cautions, a loop of terminal ileum was delivered, and a side-to-side 
anastomosis was made between the limbs of the loop, so as to side- 
track about 40 cm. of the gut. Then the mesentery of the side- 
tracked portion was incised about 3 cm., parallel to and about .5 cm. 
from the gut, at 3 different sites about 10 cm. apart and no nearer 
to the anastomosis than 5 cm. No mesenteric vessels were injured. 
At one site, the gut with its attached bit of mesentery was wrapped 
once about with a strip of thin rubber dam 2.5 cm. wide and just 
long enough to reach loosely around. The opposed edges were 
sutured together. At another site, light, close-woven silk cloth was 
used in the same manner; and at the third, this kind of cloth, impreg- 
nated with collodion (to render it impervious to fibroblasts), was 
similarly used. The whole loop was wrapped in omentum, returned 
to the abdomen, and the abdomen was closed. Five to 20 days after 
operation, the dogs were killed and the loops were removed. The 
bowel at each enveloped site was injected, first, with water under a 
gradient of pressure, to determine the patency; second, with barium 
suspension under 20 cm. H.O pressure, to portray by X-ray the out- 
lines of the lumen; and, third, with formalin, for fixation and 
section. 

The reactions to the different kinds of envelop were essentially 
the same: All tissues in contact with the foreign material developed 


1Van Allen, C. M., and Wang, T. T., Proc. Soc. Exp. Brot. AND Mep., 1933, 
30, 812. 

2 Wolfe, J. J.. Wang, T. T., and Van Allen, C. M., J. Thoracic Surg., 1934, 
3, 300. 
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a heavy fibrous coating. That part of the coat against the inner 
aspect of the envelop came from, and completely surrounded, the 
intestinal segment. A considerable amount of slightly turbid, sero- 
fibrinous fluid bathed the envelop within these walls. The envelop 
was loose, much looser than at first because the gut was greatly 
narrowed. At 5 days (with injection), the cross-sectional area of 
the lumen was about 6% of normal and, from the 8th day on, the 
lumen was fully collapsed. At 8 days, water could trickle easily 
through; but at 10 days, it had to have at least 8 to 12 cm. H.O 
pressure to get through at all, and at 20 days, it failed entirely to 
pass, even with pressures as high as 60 cm. H.O. Cross-sections 
always showed the walls of the enveloped segments to be much com- 
pressed and the mucous and muscular layers to be thickened. The 
mucosa was closely and deeply folded. The muscularis was easily 
separable from the capsule ; and neither mucosa nor muscularis pre- 
sented evidence of inflammation, necrosis, or other cellular change. 
The capsule was sharply demarcated and was composed of young 
fibroblasts, loosely arranged in the earlier specimens and compactly 
laid in the later ones. 

During the first few days, the intestinal narrowing was probably 
due to the pressure of the encysted surrounding fluid, perhaps 
assisted by local muscular spasm; but thereafter it was certainly 
maintained and probably also advanced considerably by the fibrous 
capsule. 
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Determination of Oxidation-Reduction Potential with Double 
Electrodes. 


TUNG-TOU CHEN. (Introduced by Hsien Wu). 


From the Department of Biochemistry, Peiping Union Medical College. 


According to the electrode equation, 
RT [S.] 


nF /{S,] 


the oxidation-reduction potential, E's, of a given oxidation-reduction 
system at a given pH can be calculated from the potential observed, 
E, when a blank noble metal electrode is placed in a mixture in 
which the ratio of the concentration of the total reductant, [Sr], to 
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that of the total oxidant, [So], is known. For the benzoquinone- 
hydroquinone system, the equation becomes 

RT [hydroquinone] 

E =F —— In —_____ 

2F = [benzoquinone ] 
Theoretically the potential is independent of the total concentration 
of the two components of the system and independent of the size of 
the electrode. 

The mechanism through which the electrode responds to the com- 
position of the mixture is not clear, but in a homogeneous solution 
the number of the reductant particles acting upon any unit area of 
the electrode must bear to the number of the oxidant particles act- 
ing, the same ratio as that in the solution. Slight difference 
in the uniformity of the electrode surface should make no difference 
in the electrode behavior. Assuming the surfaces of the electrode 
on both sides to be identical, we should obtain the same potential, 
if we could separate the 2 species of particles and place only pure 
species on each side of the electrode. Similarly if we could split 
one electrode into 2 identical halves and immerse them separately in 
2 solutions, one containing the pure reductant and the other, the 
pure oxidant, the potential observed should not differ from that 
observed when the original electrode is placed in the solution made 
by mixing the 2 pure solutions. 

In the present experiment, this hypothesis was tested using the 
benzoquinone-hydroquinone system. Instead of splitting one elec- 
trode into 2 identical halves, 2 electrodes as nearly identical as pos- 
sible were prepared. One of them was placed in a solution of benzo- 
quinone of known concentration while the other was placed in a 
solution of hydroquinone of the same or different concentration. 
Both solutions were prepared with the same buffer mixture. The 
2 electrodes were connected to a common potentiometer lead outside 
the solution. The results as summarized in Table I are in agree- 

TABLE I. 


Relation of oxidation-reduction potential to pH of the benzoquinone-hydroquinone 
system. Temperature: 23° C. 


pH Bye iat Difference 
observed theoretical 

1.08 .639 .637 +.002 

2.02 .583 -581 +.002 

3.01 523 524 —.001 

4.00 463 466 —.003 

4.98 409 408 +.001 


ment with the hypothesis. In the table the theoretical potential was 
calculated from the equation, 
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RT 
E’, = E, + — In (H+) 
F 


which becomes, at 23°C., 
EB’, = 0.7007 + 0.05872 log (H+) 


Aside from its theoretical interest, this new arrangement is open 
to several practical possibilities. Of these 2 may be mentioned. 
First, in the determination of the oxidation-reduction potential of 
many quinone-hydroquinone systems, the formation of quinhydrone- 
like complexes often introduces difficulties in mathematical analysis 
of the results. With the present arrangement there is no danger of 
the formation of such complexes. Second, when the 2 components 
of an oxidation-reduction system to be studied are in separate ves- 
sels, the pH values of these two solutions do not have to be the same. 
Variation of the pH of only one solution at a time may facilitate the 
study of the dissociation constants of either component. 


je ane gd 
Effect of Carbon Arc Radiation on Bone Healing. 


H. MORROW SWEENEY. (Introduced by Henry Laurens.) 


From the Laboratory of Physiology, School of Medicine, Tulane University of 
Louisiana, New Orleans. 


Ultraviolet radiation and the addition of irradiated materials to 
the ration are powerful aids to the absorption and utilization of cal- 
cium and phosphorus. That such radiation and vitamin D (irra- 
diated ergosterol) induce beneficial effects in the healing of bone 
fractures is supported by some’ and denied by others.’ 

This report deals with the results of a study of 38 experimental 
fractures of the fibula in 25 dogs, and of 80 fractures in 80 albino 
rats. An open osteotomy technique similar to that of Lindsay and 
Howes* was used. All the rats were of the same size and age and 
with like fractures. “They were grouped for comparison according 
to the type and amount of carbon arc radiation received during the 
healing periods. The fractures in the dogs were paired for com- 
parison only when 2 were proved to be very similar or identical 

1a. Knoflach, I. G., Wien. klin. Woch., 1928, 4, 739. 

b. Cuthbertson, D. P., Biochem. J., 1930, 24, 1244. 
2a. Coulter, J. S., and Smith, E. M., Radiology, 1931, 16, 737. 


b. Swart, H. A., J. Bone and Joint Surg., 1930, 12, 360. 
3 Lindsay, M. K., and Howes, E. L., J. Bone and Joint Surg., 1931, 18, 491. 
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by means of roentgenograms: In the same dog serially (12 cases) 
and in 2 dogs of similar body build and size (7 cases). Measured 
amounts of carbon are radiation were given to the dogs during the 
healing period of one of each pair of fractures, while the other 
served as a control in 15 of the 19 pairs (38 fractures). 

Roentgenography was the criterion used for following the heal- 
ing process. In the rats the percentage healed per group after a 
certain length of time, was ascertained, while in the dogs the total 
length of the healing process in days was found. During the total 
healing period allowed the rats (about 10 weeks) 73.9% of the 
animals irradiated with “A” carbons (having received 550 gm. cal. 
per sq. cm. with an average distribution of 3.6% ultraviolet, 32.2% 
luminous, and 64.2% infrared). 26.9% of those irradiated with “C” 
carbons (having rece*ved 290 gm. cal. per sq. cm. with an average 
distribution of 5.0% ultraviolet, 11.5 luminous, and 83.5 infrared), 
and 41.3% of the controls healed. Omitting 2 very abnormal heal- 
ing periods in the dog work, the average healing time was 55.7 days, 
or 3.7 days shorter when the animals were irradiated, than when 
they were not (59.4 days). Both “A” and “C” carbons (see aver- 
age distribution above) were used on the dogs. The daily amounts 
given varied from 5 to 28 gm. cal. per sq. cm. with a mean of 18. 
The total amount varied with the length of the healing period for 
they were irradiated until healed. 

It made little or no difference in the healing time whether the irra- 
diated+or control fracture was the first followed, thus the rapidity of 
healing was not a function of the duration of the experiment. There 
was no demonstrable correlation between serum calcium and inor- 
ganic phosphorus and length of healing time. 

Why the healing process of the rats irradiated with “C” carbons 
was actually retarded is of considerable interest. Although the 
percentage of ultraviolet emitted by the “C” carbons is greater than 
for the “A”’, the total amount in this work was never as much. The 
“C” carbon has been shown to emit a larger percentage of the short 
ultraviolet, erythema-producing wave lengths which lead to more 
marked superficial vasodilatation and possibly increased volume flow 
of blood. Jones and Roberts* believe that an increased flow of blood 
is detrimental to a bone healing process. 

Thus it may be said that in our hands the doses of carbon arc 
radiation given were of no outstanding importance in accelerating 
the healing of fractures in dogs and the effect varied with the type 
of radiation in the rat work. 


4 Jones, R. W., and Roberts, R. E., Brit. J. Surg., 1933-1934, 21, 461. 
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Further Studies on Metabolism of Sulfur Compounds in Cystinuria.* 


ERWIN BRAND anp GEORGE F. CAHILL. 


From the Department of Chemistry, New York State Psychiatric Institute and 
Hospital and from the Squier Urological Clinic of the Presbyterian Hospital, 
New York. 


Some recent experiments’ * on sulfur metabolism have been con- 
firmed on another case of cystinuria (16-year-old female from a 
cystinuric family). Cystine (6.4 gm.), administered orally was 
almost completely (98% ) oxidized to inorganic sulfate and did not 
increase urinary cystine excretion. Cysteine (3.5 gm.), on the other 
hand, was largely excreted as extra cystine (45%) and only a part 
of it was oxidized (38% of the extra sulfur). Methionine (dl, 6 
gm.) was also largely excreted as extra cystine (40%) and partly 
(35%) as undetermined neutral sulfur,f while only a small amount 
(25% of the extra sulfur) was oxidized. 

A preliminary experiment with 2.5 gm. of homocystine® indicates 
that in cystinuria this amino acid is oxidized (92% of the extra 
sulfur) and does not give rise to extra cystine in the urine. The 
implications of this finding will be discussed upon completion of 
confirmatory experiments now in progress on another patient. 

The cystine in the urine of this patient, as determined by our 
modification of the Sullivan method, increased with the ageing of 
the specimen in agreement with earlier observations.* 


*Aided by Grant No. 302 from the Committee on Scientific Research of the 
American Medical Association. 

1 Brand, E., Cahill, G. F., and Harris, M. M., Proc. Soc. Exp. Biot. AND MED., 
1933, 31, 348. 

2 Brand, E., Bull. N. Y. Acad. Med., 1934, 10, 289. 

+ The analyses indicate the excretion of organic sulfur neither in SS nor SH 
form. It is possible that some unchanged methionine was excreted since the 
racemic amino acid was fed. 

3 Butz, L. W., and du Vigneaud, V., J. Biol. Chem., 1932, 99, 135. 

4 Brand, E., Harris, M. M., and Biloon, S., J. Biol. Chem., 1930, 86, 315. 
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Ege of Cafieme om Basel Metabolism 
MAYEN 4 WOMSCK os WAEZEN HE. OOLZ. (intreiiuced by E A 
@zie.) 


Foon tke Degurtment of Surpery, Washington Uuiversity School of Metscme, and 
Borws Hospi, Si. Lous. 


In 2 vewent report we called attention to the fact that when certam 
of the methylated purines were fed or imjected imto dogs morpho- 
logical evidiexe of imoreased activity of the thyroid gland was 
cited = =*%* Toxic and frequently fatal doses of these sub- 
stemoes were often required to produce such changes. These studies 
eve been extended with especial reference to the calorigemic action 
of ome of these partncs, mamely, caffeme citrate. 

Ie kes been seclized for some time that caffeime possesses fhe 
ghaitw to increase the oxygen consumption im the organism? The — 
mxcienise hes been wague shthough the adrenal glands, the skeletal 
Paving some part im this process. The present report has to do with 
the relation of the thyrond gland to thus x; 

Young guinea pigs weighing between 330 and 450 gm. were used “t 
The bess] metabolic rate was determined by a method previously 
desred by us im whch 2 dosed creuit is used and direct oxygen =, 
comsmihos merasered. A nommel rate of oxygen consumption was 
extebiisined for cach aniumal before the experiment was begun. These © 
zommals were placed on 2 basal dict of lettmoc, cats and alialia. Basal Mee 
metpicise determinations were made on alternate days for 2 weeks ; 
before the mormnll rete of oxyges comsumpiion was considered 


seme rade the basal cate was mot considered established Each 
animal was fed 70 mg. of caffeine citrate by mouth per kilo of body 
were Apparently the method of aduinistering the caffeine was 
ot Intle muporizace. Determinations were made one hour later 
A progressive rise im the basal metabolic rate was noticed which 
reached 2 peck at shout the end of 2 weeks. At this time the 
imorease was generally from 0%-73%- There was then a gradual 
decEine esti br the end of the fourth week the merease was more Of ” 
less constant at 2 level of chout 20%-23% imcsease. When the basal 

2 Chie, Womack, ant Distt, Arce Surg. 1931, 22, 926. 

2 iil and Moms, Srv Tat Mol, 1914, 14, 97. 

Ss Eigeus and Mezas, J. Firm. ond Bap. Mod, 1915, 7,1 r >} i 

2 Meas, Safer Dice, Ack Tot. Mod, 17, 19, $22. ee « 
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metabolism determinations were made 24 hours after caffeine feed- 
ing the rise was still seen to be present but not quite so marked. 
Animals sacrificed at the end of 4 weeks showed little evidence of 
hyperactivity of the thyroid gland. 


Percent basal metabolism 
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Another series of animals was studied under similar conditions 
with the exception that they were fed one minim of Lugol's solution 
daily beginning 2 days before the feeding of caffeine citrate and 
continued throughout the experiment. Very little rise in the oxygen 
consumption was noticed. When this did occur it was generally 
most prominent at about the end of the second week and was rarely 
over 20%-25%. Apparently, therefore, iodine is capable of pre- 
venting the calorigenic action of caffeine to a large extent. 

A third series of animals in which thyroidectomy had been done 
was studied. At the end of 5 weeks it was found that the oxygen con- 
sumption had fallen from 9%-13% below normal. Caffeine citrate 
was then fed and basal metabolism determinations made as in series 
one. A slight rise was seen usually about 10% above the thyroidec- 
tomized level but rarely reaching the level of oxygen consumption 
previous to the thyroidectomy. The animals were sacrificed and 
serial sections made of the neck. In every case a small amount of 
accessory thyroid tissue was found although at times this consisted 
of only several acini. However, none of these animals can be con- 
sidered totally thyroidectomized. 
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Conclusions. Caffeine citrate increases the basal metabolic rate 
of guinea pigs. This increase is present 24 hours after feeding 
caffeine though not quite so marked. Lugol’s solution or thyroidec- 
tomy tends to prevent this calorigenic action. 
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Effect of Supersonic Waves on Bacteria. 


ALBERT C, H. YEN anp SZU-CHIH LIU. (Introduced by C. E. Lim.) 


From the Department of Bacteriology and Immunology and the Department of 
Biochemistry, Peiping Union Medical College. 


Destruction of living organisms by supersonic waves has recently 
been observed.2. The mechanism of the destruction is, however, 
unknown. The present communication extends the observation to 
a number of pathogenic and nonpathogenic bacteria and the results 
seem to indicate that the destruction is due to the dissolution of the 
bacterial cells. 

The oscillating circuit was similar to that described by Wu and 
Liu,? and the quartz was adjusted to vibrate at the rate of 1.5 X 10° 
times per second. Bacterial suspensions to be exposed were placed 
in a thin test tube, 15 mm. in diameter. Inside the test tube was 
placed a glass cooling coil through which cold water circulated. 
The temperature of the bacterial suspension was never over 20° C. 
The possibility of destruction by heat was therefore eliminated. 

Saline suspensions of the following 10 strains of bacteria were 
used: Bacillus subtilis, Bacillus anthracis, Bacillus proteus X 19, 
Bacillus coli communis, Bacillus typhosus, Bacillus dysenteriae 
Shiga, Staphylococcus aureus, Micrococcus catarrhalis, Bacillus 
influenzae, and Streptococcus hemolyticus. Vhe number of sur- 
viving bacteria per cc. before and after exposure was determined by 
counting the colonies in poured plates. In the case of Bacillus influen- 
zae streak plating was used. Control experiments with bacterial sus- 
pension standing at room temperature without exposure showed no 
significant change in the number of surviving bacteria. Results are 
shown in Fig. 1. 


1 Wood, R. W., and Loomis, A. L., Phil. Mag., 1927, 4, 417. Harvey, S. N., 
and Loomis, A. L., J. Bact., 1929, 17, 373. Beckwith, T. D., and Olson, A. R., 
Proc. Soc. Exp. Brot. AND Mep., 1931, 29, 362. Williams, O. B., and Gaines, N., 
J. Inf. Dis., 1930, 47, 485. 

2 Wu, H., and Liu, S. C., Proc. Soc. Exp. Brot. AND Mrp., 1931, 28, 782. 
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Fig. 1. 


Effect of exposure on number of surviving bacteria. Volume of bacterial 
suspension used = 1 ee. 

It will be noted that the organisms studied can be divided into 3 
groups according to their susceptibility to the supersonic wave. The 
first group represented by Bacillus anthracis, is practically not 
affected by a 90-minute exposure. The second group which includes 
Micrococcus catarrhalis, Bacillus subtilis, Streptococcus hemolyti- 
cus, Bacillus influenzae, and Staphylococcus aureus, is partially 
destroyed but not completely sterilized by a similar exposure. The 
third group which includes Bacillus proteus X 19, Bacillus coli 
communis, Bacillus typhosus and Bacillus dysenteriae Shiga, is 
completely sterilized within 90 minutes. The organisms of this 
group are members of the Gram negative intestinal bacilli. The 
ability to form spores does not seem to explain the high resistance 
of Bacillus anthracis to supersonic waves, because the other spore- 
bearing organism studied, Bacillus subtilis, was definitely destroyed. 

In order to throw some light on the mechanism we have compared 
the opacity, using Pulfrich photometer, with the number of sur- 
viving bacteria in a few of the suspensions before and after ex- 
posure. Results are shown in Fig. 2. 

It will be noted that, in the case of Staphylococcus aureus, where 
little change of the number of surviving bacteria was observed. the 
opacity did not show appreciable change in the course of a 90-minute 
exposure. In the case of Bacillus proteus and Bacillus dysenteriae 
Shiga, destruction of bacilli was accompanied by a definite decrease 
of opacity in the first 30 minutes. This suggests that destruction of 
bacteria by supersonic wave was accompanied by lysis. In other 
words, destruction is due to the dissolution of the bacterial cells. 
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On longer exposure the number of surviving bacteria continued to 
decrease while the opacity increased to a definite level and then 
remained practically constant. This increase of opacity is probably 
due to the coagulation? of the cell proteins after lysis. 

This study shows that exposure to supersonic waves brings about 
the killing and dissolution of various bacteria and that on prolonged 
treatment coagulation of the dissolved bacterial protein may be 
effected. 
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Variation in Potency of Vaccinia Virus in Tissue Cultures. 


W. K. CH’EN. (Introduced by T. J. Kurotchkin.) 


From the Department of Bacteriology and Immunology, Peiping Union Medical 
College. 


The possibility of employing vaccinia virus in pure culture for 
prophylactic vaccination against small-pox has been indicated by 
Rivers,’ Herzberg” and Stevenson and Butter.* This leads to in- 
vestigation of the behavior of such cultures, especially their immu- 
nizing and infective properties. Therefore a study was undertaken 


1 Rivers, T. M., J. Exp. Med., 1931, 54, 453. 
2 Herzberg, K., Klin. Wochenschr., 1932, 11, 2064. 
3 Stevenson, W. D. H., and Butter, G. G., Lancet, 1933, 21, 228. 
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to determine the effect of repeated passages in chick-embryonic tis- 
sue culture on the potency of the vaccinia virus. 

The initial virus was prepared by passing the calf-lymph vaccinia 
virus supplied by the National Epidemic Prevention Bureau, Peip- 
ing, through the testicles of a normal rabbit. The bacteria-free 
vaccinia virus thus obtained was cultivated in the chick embryonic 
tissue according to the method described by Rivers. Transfers of 
the virus to fresh chick embryonic tissue were made every 5 days. 
After each transfer the titre of the virus, 7. e., the lowest dilution 
which still gave the typical skin lesion was determined by intra- 
dermal injections of 0.25 cc. of varying saline dilutions of the virus 
culture into the shaved skin of albino rabbits. The first virus cul- 
ture gave a titre of 1 :1,000 which rose to 1 :100,000 on the 3rd and 
4th transfers and reached the peak of 1:1,000,000 on the 5th trans- 
fer after which it declined as subsequent transfers were made so 
that by the 25th transfer the titre had dropped to 1:1,000, equaling 
that of the initial virus, and by 30th transfer it had fallen to 1:100. 
From this point on the titre remained at a level between 1:50 to 
1 :100 when carried up to the 40th transfer. As no further drop in 
titre was observed, it was concluded that the virus culture had 
reached a stage of biological stability at the low titre of 1:50 to 
1 :100. 

Since it is well known that the calf-lymph vaccinia virus of low 
titre can be increased by interposing a rabbit passage, it appeared 
interesting to see whether passage of this low titre vaccinia virus 
through a rabbit testicular tissue culture could raise the titre of the 
virus. The virus cultures after 30 and 40 transfers in chick embry- 
onic tissue were inoculated separately into minced young rabbit tes- 
ticular tissue cultures in Tyrode’s solution. After the first passage, 
the titre immediately rose to 1:1,000 and by the third passage in 
the testicular medium it became 1:100,000. On reinoculating these 
virus cultures to chick embryonic tissue, the titre of the virus re- 
mained at the high level of 1 :1,000, 1:10,000, 1 :100,000 respectively 
after the Ist, 2nd, and 3rd transfers. Thus, it was clearly shown 
that the vaccinia virus of low titre after repeated passage in chick 
embryonic tissue culture could be made to regain its high titre by an 
interposing passage through a rabbit testicular tissue culture. 

To determine further the immunizing power of the virus cultures 
after repeated passages in chick embryo, the following experiment 
was performed. Several rabbits were divided into 3 groups and 
each group of animals was immunized by intradermal vaccinations. 
The first group was given intradermal injection with a virulent virus 
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culture (titre 1:1,000,000) obtained after the 5th passage in chick 
embryonic tissue medium, the second group with a virulent virus 
culture (titre 1:10,000) grown in rabbit testicular tissue medium 
and the third, with a virus of low virulence (titre 1:100) obtained 
after the 35th passage, in chick embryonic tissue culture. The test 
for immunity was performed one month later by intracutaneous 
injections of varying dilutions of a virulent vaccinia culture. The 
subsequent observation of all these animals clearly ‘demonstrated 
that no appreciable differences in the state of immunity could be de- 
tected among the 3 groups. It was found that each group of ani- 
mals showed immunity reaction with the dose equal to 1:100 dilu- 
tion or lower of the virulent culture, while an entirely negative re- 
sponse was observed with a 1:1,000 dilution of the culture. Con- 
trol test with normal rabbits showed that typical skin lesions were 
produced when a 1:10,000 dilution of the same culture was inocu- 
lated. 

The result suggests that in rabbits the production of vaccinia im- 
munity does not necessarily require the use of a highly virulent cul- 
ture. Adequate immunity in rabbits can easily be created with a virus 
of low virulence. Therefore in human practice of prophylactic inocu- 
lation against small-pox, the use of a vaccinia virus of low virulence 
may present several advantages, one of which concerns the existence 
of post-vaccinal encephalitis. Without going into the details of this 
particular problem, one may, on the basis of the theoretical con- 
ception, assume that such a pathological condition can more suc- 
cessfully be brought about when a virus of high potency is used. To 
substantiate this assumption we have performed an experiment in 
which the invasive power of a vaccinia culture of high and low po- 
tency has been determined. Several rabbits were injected either in- 
tratesticularly or into the brain, using a desired quantity of the re- 
spective culture and it has been found that 2 rabbits injected into the 
brain and 2 rabbits injected into the testicles with a highly virulent 
culture succumbed to the infection; out of 4 rabbits similarly inoc- 
ulated with a slightly less virulent culture only one animal survived; 
while, on the other hand, all 6 rabbits which received the intra- 
cranial or intratesticular inoculations of a low virulence culture 
survived. It would appear definite that the attenuation of the 
vaccinia virus cultivated for 30-40 generations in the chick embry- 
onic tissue culture is associated with the entire loss of its invasive 
potency, while as shown above it still retains its protective power. 

There may be objections to the practical employment uf the vac- 
cinia virus of low virulence considering the question of the “take”. 
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‘This important question can be solved only by the actual test on 
human beings. It seems to us, however, that this objection is par- 
tially obviated by the observation that for many years the attenu- 
ated calf vaccine has been found satisfactory as regards its “take.” 


Z 7527 C 
A Simple Method for Aseptic Grinding of Bacteria. 


> K. C. MAK. $ (Introduced by C. E. lim.) 


From the Department of Bacieriology axd Immunology, Peiping Union Medical 
College. 


For the mechanical disintegration of bacteria Macfadyen and 
Rowland* employed a highly-complicated machine in which the 
organisms are pulverized in a frozen condition between a rapidly 
'_ rotating metal pestle and a stationary metal receptacle immersed 
Ee. in liquid air. The bacteria are rendered very brittle by this mtense 
we chilling and are rapidly disintegrated by the grinding process. The 

amount of bacteria dealt with is not large, varying from 0.5 to 1 gm. 

of the washed organism. Barnard and Hewlett introduced a ball 

mill capable of grinding bacteria in a moist pasty condition. Thom- 

' -—s- Son® devised a vaccine churn that is capable of smashing bacteria in 
___ emulsion form with some success. Recently, Krueger* described a 
; type of ball mill for disintegrating bacteria and tissues under aseptic 
‘The grinding machines above described are generally very costly 

_ to construct, and are not all uniformly successful. For grinding 

_ small quantities of bacteria it appears that an inexpensive and 

___ equally efficient apparatus may be used with advantage. A simple 
¥ method in which bacteria may be disintegrated in a moist condition 
> ae eeeualielieithed 
a 1 ‘The grinding chamber consists of a large-size pyrex test tube 
a ae measuring approximately 20 cm. long and 3 cm. wide. Into this are 
Rae < _ placed a number of rustless-steel balls, 8 mm. in diameter, sufficient 
ia Bade) ky of the test tube. The tube is tightly closed, plugged 

. Pans 0 a rubber cork and inserted into an outer metal tube 23 

ci 3.2 cm. wide. The test tube is held firmly in position 
yen, A., and Rowland, S, Centralbl. 7. Bakt, 1903, 34, 765. 

d, J. E., and Hewlett, R. T., Proc. Boy. Soc. B., 1912, 84, 57. 
D., Annals Pickett-Thomson Res. Lab., 1924, 1, 275. 
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inside the metal tube by means of a rubber cork as shown in Fig. 1. 
The test tube will now move with the metal tube when the latter is 
rotated. The outer rubber cork so effectually seals up the metal 
tube that in case of breakage (which practically never happens) 
the bacterial contents cannot escape. 


STEEL BALLS TEST TUBE 
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RUBBER CUSHION RUBBER CORKS 
Fig. 1. 


Cross section of the grinding apparatus. 


Into the middle of the metal tube a wooden pulley wheel, 12 cm. 
in diameter, is fixed by means of a screw. The grinder is supported 
by means of a pair of metal rings on a retort stand so that it is 
capable of rotating in a horizontal axis (Fig. 2). 

Power is derived from an electric motor, developing 4% H.P. 
such as is found in most laboratories. It should preferably be fitted 
with a speed regulator, but failing this, the grooved wheel of the 
motor may be replaced by one with a very narrow diameter, altering 
the gear ratio to such an extent that the grinder will describe approx- 
imately 350 rotations a minute. 


Fie, 2 
Showing the grinding apparatus in operation. 
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The retort stand is tightly clamped to the table to minimize vibra- 
tions, and the moving parts are well-oiled to reduce friction. 

Fig. 2 represents the apparatus properly fitted up for grinding 
(clamp not shown in photo). Bacteria from 15 or more Kolle 
flasks are washed repeatedly with saline in a centrifuge tube and 
then emulsified in 15 cc. of saline. The emulsion is pipetted with 
aseptic technic into the sterile grinding chamber which is then held 
in position inside the metal tube. Grinding is continued at 350 rota- 
tions a minute for from 20 to 70 hours. The period of grinding 
may be shortened or lengthened at will, depending on the thickness 
of the emulsion and the resistance of the organisms to grinding. 
When the organisms have been efficiently ground, as judged by 
smear examination, a sterile extract may be made by high speed 
centrifuging to remove intact bacteria, or by filtration through a 
sterile candle. It may be necessary to dilute the extract a few times 
to facilitate filtration, as the volume of extract is small. 

To obviate the trouble of drying the bacteria we have attempted 
to grind them in a moist condition. Disintegration in emulsion 
form, is, according to Thomson, much cleaner and more convenient 
than dry disintegration, and our experience supports this view. The 
organisms are introduced into the grinder in the form of a thick 
emulsion so as just to fill the interspaces between the steel balls. 
Larger volumes retard the grinding as the bacteria at the surface 
of the emulsion are not subjected to the tumbling effect of the balls. 

However, the apparatus is also capable of grinding bacteria in a 
dry powdery condition. This has the advantage of being able to 
deal with a larger quantity of bacteria. 

Artificial cooling is not necessary with this apparatus. There is 
but little heat formation during the grinding process, and at no 
time has the temperature risen above 37° C. 

Staphylococcus aureus, B. diphtheriae, B. tuberculosis, B. proteus, 
and yeast cells have been disintegrated by this method. Yeast cells 
are very easily ruptured, and 5 hours’ grinding removes about 95% 
of the intact cells from sight. A microscopic examination at this 
time shows but a few intact cells per field and an abundance of 
gram-negative debris derived from the ruptured cells. Staphylo- 
cocci are much more resistant and a much longer grinding is neces- 
sary in order to bring about a satisfactory result. Grinding for 40 
hours removes about 85% of the intact cocci as judged by micro- 
scopic examination. A 20 hour grinding is sufficient to cause 50% 
of the staphylococcal proteins to go into colloidal solution as found 
by the Van Slyke method. 
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The apparatus fulfils all the ordinary requirements of a miniature 
bacteria grinder. It grinds in an aseptic manner, requires no arti- 
ficial cooling, is entirely devoid of danger, and is simple to use. It 
has the advantage of being easily constructed as most of the working 
parts are to be obtained in a well-equipped laboratory, and it is thus 
inexpensive. 
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Cultivation of Leishmania Donovani in Media of Embryonic 


Chick Tissues. 


ALBERT C. H. YEN anp HUEI-LAN CHUNG. (Introduced by C. E. Lim.) 


From the Department of Bacteriology and Immunology and the Department of 
Medicine, Peiping Union Medical College, Peiping. 


For the cultivation of Leishmania donovani a number of media 
generally containing blood have been advocated. In such media only 
flagellate forms are found. It is of interest to record the growth 
of Leishmania flagellates in media of various embryonic chick tissues 
which have not hitherto been used for the purpose. 

The chick embryos employed were fertilized hen’s eggs incubated 
at 37°C. for a varying period of 4 to 20 days. The embryonic 
chick brain, heart, liver and intestines were removed separately and 
chipped into fine pieces with sterile scissors in different dishes. 
They were then suspended in sterile Tyrode’s solution having a pH 
8.0 in approximate concentration of 0.5 gm. of tissue to 10 cc. of 
fluid. In some experiments the whole chick embryo from 4 to 7 
days old minced finely and suspended in Tyrode’s solution was 
used. With a sterile capillary pipette one drop (about 0.15 cc.) 
of the embryonic tissue suspension was placed in the center of sterile 
cover-glass. To this was added a similar drop of Tyrode’s solution 
containing Leishmania donovani from the spleen of an infected 
hamster. A sterile hollow glass slide measuring 7.5 cm. long, 2.5 
cm. wide, and 0.7 cm. thick, with a central pit or well, 1.8 cm. in 
diameter and 0.4 cm. deep, was smeared with sterile vaseline around 
the mouth of its well. The hollow glass slide was then inverted over 
the cover-glass in such a way that the inoculated media fluid on the 
cover-glass faced the center of the well of the hollow glass. The 
whole slide together with the cover-glass was then turned over by 
quick motion so that the hanging drop did not spread to the per- 
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iphery but remained in the center of the under-surface of the cover- 
glass. Pressure was gently applied to the latter to ensure airtight 
sealing of the hanging drop inside the hollow glass. Many such 
hanging drop preparations were made and incubated at 37°C. 
and at 20°C. in separate lots. The advantage of such hanging 
drop cultures is obvious. It permits direct microscopic examinatiion 
at frequent intervals without contamination. 

Growths of flagellates were easily demonstrable in the chick 
brain, heart and whole embryonic tissue preparations from the 
fifth day on when the cultures were kept at 20°C. Similar prepara- 
tions kept at 37°C. consistently yielded negative results. In number 
and size the flagellates reached their maximum at the end of 2 
weeks, beyond which the number began to diminish. Generally after 
5 weeks it became difficult to demonstrate the presence of the well 
preserved flagellates due apparently to the exhaustion of the nutri- 
ment in the hanging drop or possibly to the accumulation of toxic 
metabolic products. 

Multiplication of the Leishmania flagellates in these embryonic 
chick tissue media were shown by the successful subcultures from 
the first positive hanging drop to a fresh hanging drop preparation. 
Such subcultures at 20°C. generally showed increase of flagellates 
in large numbers, which became obvious from the 7th day on but 
there was no growth at 37°C. Attempts to subculture in hanging 
drops the flagellates from N.N.N. media were also successful only 
at 20°C, 

Of interest is the fact that the media containing either embryonic 
chick liver or intestine alone repeatedly showed no growth of flag- 
ellates. When the tissue suspension was made up of equal parts of 
chick liver and chick brain, the flagellates also failed to grow. 
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Flagellation of Leishmania Donovani in Blood from Normal and 
Infected Hamsters. 


HUEI-LAN CHUNG. (Introduced by F. R. Dieuaide.) 


From the Parasitic Diseases Laboratory, Department of Medicine, Peiping Union 
Medical College. 


Hitherto the cultivation of Leishmania donovani has been on 
various artificially prepared media usually with rabbit’s blood as 
one of the ingredients. It is of some interest to record the flagella- 
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tion of this parasite in blood from normal and kala-azar hamsters. 

A minute piece of spleen from a hamster heavily infected with 
kala-azar was ground up in a mortar with 1.2 cc. of heart blood 
from the same animal. From this 4 hanging drop preparations 
were made with aseptic technique and sealed airtight with sterile 
vaseline. Two of these preparations were kept at a temperature 
between 20° C. and 22° C. These showed a large number of Leish- 
mania flagellates when examined on the 6th day. The remaining 
2 preparations kept at 37°C. showed no flagellates on repeated exam- 
ination at different intervals up to the end of 3 weeks. Similar 
experiments repeated with normal hamster’s blood yielded the same 
results, namely, the development of flagellates in such hanging drop 
preparations when kept at room temperature (20°C.-22°C.) but 
none in the preparations kept at 37° C. 

The range of temperature in which flagellation may occur may 
be quite large, for Christophers, Shortt, and Barraud’ obtained 
positive cultures of Leishmania donovani in temperatures between 
16° C. and 34° C. The fact that Leishmania donovam from the 
spleen of a kala-azar hamster develop into flagellates in the blood 
from the same animal at room temperature points to the possibility 
that the parasite may even flagellate in the mammalian host under 
favorable conditions. 


733002, 


Relationship of Peptic Ulceration to Gastric Chemism. 


ALTON OCHSNER, MIMS GAGE, anp KIYOSHI HOSOI. 


From the Department of Surgery, Lulane University School of Medicine, New 
Orleans, La. 


The relationship of gastric acidity to peptic ulceration has been 
debated for years. The present investigation was undertaken in an 
attempt to evaluate the etiologic importance of gastric acidity. A 
total of 125 dogs was used, but of this number 68 died at various 
intervals after the operation, leaving 57 animals on which our results 
are based. Each animal was kept in separate clean quarters with a 
constant supply of fresh drip water. They were allowed to play on 
the roof on sunshiny days. All the lesions described were sub- 


1 Christophers, S. R., Shortt, H. E., and Barraud, P. J., Ind. Med. Res. 
Memoirs, 1924-1927, 1-5, 55. 
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mitted to microscopic study. Gastric analysis was done about 6 
times before operation and then once a week postoperatively after 
a standard test meal of cracker dust. The following series of dogs 
were used as controls or received thrice daily every other day either 
1% HCl feeding or 1/25 to 8/10 mg. histamine injections subcu- 
taneously: 1. No operative procedures were done to get the gastric 
reaction to the HCI feeding or histamine injections. II. Extirpation 
of (a) greater curvature; (b) lesser curvature. III. Formation of a 
gastric pouch from (a) greater curvature of Heidenhain type, or 
(b) lesser curvature (Pavlov type) plus anastomosis of the proxi- 
mal jejunum to the pouch. IV. Same as series III plus anasto- 
mosis of fundus of gall bladder to the pouch. 

Repeated HCl feeding produced multiple acute lesions—petechiae, 
erosions and shallow ulcers of the stomach and duodenum, which 
were observed as early as 5 days after starting the feedings. In 
the longer experiments (2 months), there was associated a mild to 
marked gastritis and duodenitis with increased mucus production. 
In general there was a tendency toward temporary achlorhydria with 
a return to normal values of free HCl after a month or so of ex- 
perimentation. Histamine injections also gave similar results. 
Histamine was found to produce multiple acute ulcers but did not 
stop them from healing. In one animal, which had received injec- 
tions over a period of 134 days, there were 22 ulcers of various sizes 
and depths, some showing microscopic evidence of healing. Ulcers 
were most frequently or most abundantly found along the lesser 
curvature. The acidity values obtained were usually within the 
range of variations normal for dogs, although sometimes the acid- 
ity values after histamine stimulation were frequently double that of 
the pre-operative values without histamine stimulation. The inci- 
dence of acute ulcers in series | was 27%. 

Extirpation of the greater or lesser curvature of the stomach in 
dogs did not significantly change the acidity values of the gastric 
contents of the main stomach when compared with the pre-opera- 
tive values. HCI or histamine injections produced findings similar 
to those in series I. The incidence of acute ulcer in series I] was 
also 27%. 

In series III, subacute or chronic jejunal ulcers were obtained in 
100% of the greater curvature pouch experiments and in 71% of 
the lesser curvature pouch dogs, or an average of 85%. As re- 
gards the location of these anastomotic ulcers, 71% of these were in 
the efferent loop, 14% opposite the gastro-jejunostomy stoma, and 
14% marginal. The proximal or afferent loop was always normal 
in appearance, whereas the distal or efferent loop showed the effects 
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of the irritating acid gastric pouch secretion passing through it. It 
was edematous, congested, with numerous variously sized petechiae 
and hemorrhages and even erosions. Histamine injections produced 
100% of anastomotic ulcers in this series of either the greater or 
lesser curvature experiments. Sixty-six per cent of the animals in 
this series died from perforation peritonitis. 

In series LV, bile appeared to be a good neutralizing agent, since 
it reduced the incidence of post-operative anastomotic ulcers from 
100% to 43% in the greater curvature pouch dogs and from 71% 
to 50% in the lesser curvature pouch animals, giving an average of 
39% ulcer incidence for this series. Eighty per cent of these ulcers 
perforated. As regards the lesions of the stomach or duodenum 
itself, deviation of the bile toward the pouch in 13 dogs produced 
hemorrhages and erosions in the main stomach in only one animal 
and a chronic duodenal ulcer in another, both without histamine, 
and a small pyloric mucosal hemorrhage in one with histamine 
stimulation. The experiments of series III] and IV indicate that 
while acidity of the gastric secretion may not be the sole predis- 
posing factor, it is nevertheless a major exciting factor whenever 
condition favorable for ulceration prevails, such as allowing acid 
secretions of the gastric pouch to flow into the jejunum which is 
not accustomed to such acid environment. 


TABLE I. 
Incidence of Ulcers in Our Experiments. 


Group I. Control group, no operative procedures. 
1% HCl Histamine Controls 


8 dogs 7 dogs 
Uleers 1 3 —_ 
Erosions 4 1 
Group II. Extirpation of greater or lesser curvatures. 
3 dogs 4 dog's 4 dogs 
Greater curvature Uleers 0 2 2 
Erosions 2 Ak 0 
1 dog 3 dogs 
Lesser curvature Uleers — ny: 0 
Erosions — 0 0 
Group III. Gastric pouch plus jejunal anastomosis. 
3 dogs 3 dogs 
Greater curvature Uleers 3 3 
3 dogs 4 dogs 
Lesser curvature A} 3 2 
Group IV. Gastric pouch plus jejunal anastomosis plus gall bladder. 
4 dogs 3 dogs 
Greater curvature Uleers 2 0 
3 dogs 3 dogs 


Lesser curvature ae 0 3 
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1916-17 J. Loeb W. J. Gies H. 
1917-18 W. J. Gies J. Auer He 
1918-19 W. J. Gies J. Auer Fly 
1919-20 G. N. Calkins' G. B. Wallace Tel 
1920-21 G. N. Calkins G. B. Wallace lal 
1921-22 G. B. Wallace. J. W. Jobling Vale 
1922-23 G. B. Wallace J. W. Jobling Vl 
1923-24 H. C. Jackson J. W. Jobling V. 
1924-25 H. C. Jackson J. W. Jobling A. 
1925-26 J. W. Jobling S.R. Benedict A. 
1926-27 J. W. Jobling 5S. R. Benedict A. 
1927-28 S. R. Benedict P. Rous A. 
1928-29 S. R. Benedict P. Rous A. 
1929-30 P. Rous D. Marine A. 
1930-31 P. Rous D. J. Edwards A. 
1931-32 D. J. Edwards A.R. Dochez A. 
1932-33 A. R. Dochez E. L. Opie A. 
1933-34 A. R. Dochez E. L. Opie A. 

SECTIONS 


Cleveland, Ohio 
Chairman: C. 8. Beck. Secretary: A. R. Moritz. 


Western Reserve University, December 8, 1933. 
Western Reserve University, January 12, 1934. 


Illinois 


Chairman: Lloyd Arnold. Secretary: W. L. Palmer. 


absentee beat bn Ke lotel eVOL@Lelele! 


Treasurer 
. Calkins 


aageee 


J. R. Murlin 


. Jackson 
. Jackson 
. Jackson 
. Jackson 
. Jackson 
. Jackson 
. Jackson 
. Jackson 


yers 


. Goldforb 
. Goldforb 


Goldforb 


. Goldforb 


Goldforb 
Goldforb 


. Goldforb 
. Goldforb 
. Goldforb 
. Goldforb 


Members: 37, 
Meetings: Western Reserve University, October 13, 1933. 
Western Reserve University, November 10, 1933. 


Meetings: University of Chicago, October 10, 1933. 
University of Illinois College of Medicine, January 16, 1934. 
Northwestern University Medical School, April 3, 1934. 


Members: 103. 
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Iowa 
: _ Chairman: P. C. Jeans. Secretary: W. F. Loehwing. Members: 32. 
a | Meetings: State University of Iowa, February 16, 1934. 
g@ State University of Iowa, Mareh 23, 1934. 
; Towa State Collega, April 26, 1934. 


Minnesota 
Chairman: F. H. Scott. Secretary: F. H. Scott. Members: 46. 
Meetings: University of Minnesota, October 18,1933. 
University of Minnesota, November 15, 1933. 
University of Minnesota, February 21, 1934. 
University of Minnesota, April 18, 1934. 
_. University of Minnesota, May 16, 1934. 


, Missouri 
ey Chairman: D. P. Barr. Secretary: E. A. Doisy. Members: 44. 
- Meetings: Washington University Medical Scheol, October 11, 1933. 
a St. Louis University Medical School, November 8, 1933. 
" | Washitigton University Medical School, January 10, 1934. 
_ St. Louis University Medical School, March 14, 1934. 
ip Washington University Medical School, May 9, 1934. 


: New York 

a | Chairman: E. L. Opie. Secretary: A. J. Goldforb. Members: 703. 
ae Meetings: New York Academy of Medicine, October 18, 1933. 

New York Academy of Medicine, November 15, 1933. 
New York Academy of Medicine, Deeember 20, 1933. 
New York Academy of Medicine, January 17, 1934. 

in New York Academy of Medicine, February 21, 1934. 

‘ New York Academy of Medicine, March 21, 1934. 

- New York Academy of Medieime, April 18, 1934. 


t Y “ New York Academy of Medicie, May 16, 1934. 
, 7a. Pacific Coast 
45% Chairman: C. L. A. Schmidt. Secretary: M. L. Tainter. Members: 73. 
7 iy Meetings: Stanford University, October 14, 1933. 
Pat) St ae University of California Medical School, December 13, 1933. 
_ ———sSSttanford University Medical School, February 14, 1934. 


, } ies 4 ____- Mount Zion Hospital, San Francisco, April 18, 1934. 


Peiping (China) 
aan: R. K. S. Lim. Secretary: S. H. Liu. Members: 25. 
s: Peiping Union Medical College, October 25, 1933. 


- 


Southern 

>; Charles F. Craig. Secretary: R. H. Turner. Members: 36. 
‘Hotel John Marshall, Richmond, Va., November 15, 1933. 
Tulane University, February 2, 1934. 

___- Tulane University, May 11, 1934. 

> 


ae 


hg Wal) & 
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Southern California 
Chairman: J. F. Kessel. Secretary: T. D. Beckwith. Members: 25. 
Meetings: University of California at Los Angeles, May 26, 1934. 


Western New Yotk 
Chairman: F. P. Knowlton. Secretary: W. 8. Root. Members: 52. 
Meetings: Clifton Springs Sanitarium, October 21, 1933. 
Syracuse University, December 16, 1933. 
University of Rochester, February 17, 1934. 
University of Buffalo, May 5, 1934. 


Wisconsin 
Chairman: E. L. Sevringhaus. Secretary: M. R. Irwin. Members: 31. 
Meetings: University of Wisconsin, January 31, 1934. 
University of Wisconsin, March 13, 1934. 
Marquette University Medical School, May 18, 1934. 
University of Wisconsin, June 2, 1934. 


Deatus oF MEMBERS 


The Council records with regret the deaths of the following members: 
Doctors N. C. Davis, C. H. Eckles, N. B. Foster, F. L. Gates, A. F. Hess, 
A. B. Macallum, 

A. J. Gouprors, 
Secretary. 


TREASURER’S REPORT 
April 1, 1933 to April 1, 1934 


RECEIPTS 

PBL ecm UIE OAL lly OSG. .covo.s.sasarcvaneastauceaesncovencvassceceunonsvacessonste $ 3,131.75 
Income, 1933-34: 

ILE EE RESS SoC toda sc oevndniiocssedoadsecavenseccvenesbesnonns $ 4,860.96 

Pes aM ENV NY Che x conetnpcacenhncsccetavsscsnoruicsepsesuinenie 2,749.87 

AEE OPM MN TOG elena ctais cco uidewesctchscessconspsecenbane 1,736.43 

LGU, o., 5os ge 552.24 

Saale jist 0) ci 0) ey 2,662.08 

Ie Mom OPE OLA. s..c.hsncscrecsecnenasertnestenvececcsasenee 282.57 

Bank Interest and Miscellaneous ............-..---- 38.07 
APOE WARIS AIUD LITCOMMLE.-..20-cccnnaceacestarveevesercesanssevocsbounne $12,882.22 
Total Cash Available April 1, 1933-April 1, 1984..............ccecee $16,013.97 

DiIsBURSHMEN'TS 

Publication Cost of Proceedings: 

Ia AMR NRG ots fae de peas onyeceast>ncacespaconasnostoinsnocvvousesace $ 6,228.27* 

SSR LA Ls Meet ayes os icssacocmnnncsecesevescsneph) oovevoreasnains 2,484.98 t 

Oa eel coe etcvnnsceuncheneostursvinaccesensdspeninre 542.384 

$ 8,255.63 

Administrative Expenses : 

Office Supplies, Postage and Telegrams...........-...--.-- $ 523.55 

ee ee Fe eae sos kn csionepadevsnnsb cand uevpva acetate 2,025.00 

ROUOMA SSA TIC  LTSUNEATICO. .........-0ceceocevrccsvenestosesseens 78.47 

PEAR MEEVEE ses cco s6inbosenzeden-ceatneesnsdcencksnsesiveeee 5.90 

chro! Linch 6) eo ie RR a En, i 38.22 

$ 2,671.14 
RO CoML IBD UY RCTONES <..-2.c0cecececvecnsnsunenisescensssencdaturcenssiermeenasvenes PLO OQO.TT. 
Mfc Wetilehecds) \Gekal atlas YS a 5,087.20 
Fare EE os oo vnnencocessivasuenecphuuveceeivsiueisuseosbuccvencovecsssis $16,013.97 
SUMMARY 

a caw avs bos Sis ven nats cesnevnsemavinsnvgannuvenvnavbbonucevsebstese #£12,882.22 
Disbursements (Ct) .....-roveererveeceseenerrceceeceess ees $10,926.77 

Pai MIO pa res sit epndaccvsnvenr inaceosnvencverncbnstsbintnrese 848.89 
Oe eI Ee oh ny sx spu hn sve tmnyonnnendk cctsauearsaneaprssenpunvesvursousvatvine #$ 1,106.56 


*Plus $507.88 not yet paid. 
tPlus $283.09 not yet paid. 
tPlus $ 57.92 not yet paid. 


$848.89 
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Funps 
Endowment Fund 

SATU LORS Pena eee wee bee Nai Weck. d 10 LURE east eae $14,016.02 
Interest “to! April, OF POZA es ON Ny AC 424.49 
CLO Ged Nia AUREL Ate BIS A 8 ea ————. $14,440.51 
Invested in N. Y. Title and Mortgage Co......0202.22.0.... $ 6,000.00 
Invested in Title Guarantee and Trust Co..........2..2.2-- 2,500.00 
Invested in Lawyers Mortgage Company..................-...-- 1,500.00 
Invested in R. R. Coop. Bldg. and Loan... 984.93 
Invested in Bowery Savings Bank....W..0...2...........-1e.s--- 425.68 
Invested in Industrial Bonds (purchase price).............. 3,029.90 

(Present value, $3,162.50)..........2......-.. ———— $14,440.51 

Special Surplus Fund 

Bey ojala Ne aN ea CCS AC REL Tet act WEN ISS AMD ad a Dag 2d $ 7,578.08 
interest: te wAsporileil,. 1 O34. 5.05 uon es eee ie ee ad OR 305.13 
LO ea it iA ede C8 oe a pase a ae RN ———. $ 7,883.21 
Invested in Title Guarantee and Trust Co...........22..-.----- $ 2,900.00 
Invested in R. R. Coop. Bldg. and Loan.............2..2...2---.- 2,620.74 
Invested in Bowery Savings Bank......02......0.2-c1:c--eseeoe- 229.50 
Invested in Industrial Bonds (purchase price)............ 2,132.97 

(Present value, $2,145.00) .............----------- ——_  $ 7,883.21 

Life Membership Fund 
Anvyestedsin Reakt. |\Coop. Bide. and (ioamter aes teeta eee ey $ 75.00 
Memo 

Bills. payable) wee cs BN caw ee RLU a Ch La RE TM eee $ 848.89 
Bilis vrecel valley faves is oie 2 ee i ee atk 1 OR eae $ 866.62 


Auditors’ Report 
April 11, 1934 
We have examined the Treasurer’s report and have verified the state- 
ments therein against the books of the Society. We are convinced that the 
records of financial transactions are in good order and accurately kept. 
(Signed ) H. D. Senior 
A. M. PappENHEIMER 


MEMBERS’ LIST (Alphabetical) 


Honorary MEMBERS 


NEON ANN AE sn neannscannensoeerancunpecnnensnnanenenese Harvard University 
AEiNrce MIMI OSEEPMRY MOD) Bao asa ssgenncentansivnstennsocesavsbssuedefaleriese London, England 
(etesial il VGN 0) lee oe ee Johns Hopkins University 
ET Osa Dea ON VENOM Leys 2 et oe nda seek cae nsocccsucensdcencsdedescetchadntcnsens University of Michigan 
AE Overiee MY NISC oon ca acennadpentuiiacontenagcesntnacseatvorce Harvard University 
AR estea ni al mA ER Se oa oc vavesedsncenutascascaettensn University of Pennsylvania 
Etec Tata ran est TsL eRe ME eh eo a 2S acta apnnnaccnrane baste easuevertian utboutl Paris, France 
SCebtiang TN, (Se. 20 2a Oe Edinburgh, Scotland 
\UCSSR Lica 1a 6 UG 0 ne SS one Munich, Germany 
Ayal raga 1D, See ratr ayo) 5 ie REI es ee eo eee are Columbia University 
- MEMBERS 

Abbott, OCS 51 0 aD nee University of Pennsylvania 

JAISGL, OLOGY Cy ae een Johns Hopkins University 
ACESS ING LD RVAD Ge Oa eee Mount Holyoke College 
glans, VAN Eye 1D Eee rr he ee University of Chicago 
NCGS, UN TTS ea Medical School, Stanford University 
JO0SIGr ) LE RaNeCeVE a) (USAGE ea eRe a Berkeley, California 
PGMS oe. BV da ee University of Rochester Medical School 
YG Bi ON. 1 [is8 kel) eee ae ee NE Peiping, China 
AMOS), (NGUITC IO) SE le ane American Type Culture Collection, Chicago 
PAR ce ean te POMPE NURS Vo Noh t 6-2 Jon nccf soot ensnecqanene dnnesaencobentvaseb+coaesnes Washington University 
dees Vi eiyntes 1. eee EE ee University ef California 
PRUNE 20g NE ten a er FSR Yale University 
JNlero. VG), Loe N. Y. Homeopathic Medical College 
PANIED ANNIE OWE 9 25.525 otn oa secateny soatsdaderansoecestndedeaciades University of Oregon 
PU omer I oe oo oneal caseauensliccanseatednnsscbscascncss Los Angeles, California 
JNs fade, (Citi Uys 20) SS a ne ey nee Stanford University 
JANE TO 0, Northwestern University Medical School 
JAIME yc y LR University of California Medical School 
Desiree, MAUR! Cae Mayo Clinic 
DOTS ates “SOREN GI) SSE es Aa ns Mayo Clinie 
Ptoltswort WG 12a University of Tennessee Medical School 
DNGSEVTSES, |G Glee] 18) 1 4 sw eee Rockefeller Institute 
DP saki Ss) 0h, 10/0190), s Ae re College of Physicians and Surgeons 
Vg 2S University of California Medical School 
Pipa Pettccis, TG) L0 DL seis 2a University of Minnesota 
INN aa p22 Nasco fi stncannn emenencnenensn E. R. Squibb & Son 
CEES) SS Yale University 
BRETT BSCPRIN MUN URED UTMLE ote: ese vata tcnen anon sc nmneatomeworenenars an nsneaeedsnseeaesn! Yale University 
BARRA Mees UE MENTED (oor 5c oe no 2pecn nich neannceonacetanaconsdenectesnesasersee University of Chicago 


VAs LOT OT Ma. 2... 2az-n.0.--ash<censneoensnee Rockefeller Institute, Princeton, N. J. 
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p NaeiaYo) Co Wps Biko ws Wea ky ear anaes te NES cree ee University of Illinois 
AUPONSO TS Spa eemt eee eas ce ae Le ce Henry Phipps Institute 
Asdell iS ceArsmuccmite es aac tabs) 1 Ra ee ee Cornell University 
MENOT OOM se tl Gee hea ceaatetis aa a aint Silat Berne, Switzerland 
Ashman Richard... 205.8 @5.. 8 <9 © Louisiana State Univ. Medical Center 
HATGHIOV, HD Witeeee eco et ee Presbyterian Hospital, New York City 
“Atwell Wisiyine id qssees pe cin et Oe eee University of Buffalo, N. Y. 
Bub, JosephiOce wees te Oh Huntington Memorial Hospital, Boston 
AUT, Vd ONT eres Ae eed ee ll Ste a ar eer ee St. Louis University 
Asus tam yee) eel erro Ce sete ree ee le Wis As eet University of Pennsylvania 
JArustin, Wie SG at OLS ook a er a ee Loyola University 
ASV eM 5 10 WaT WAR ese Mugs esd ne ccemnaneonad Rockefeller Institute, N. Y. City 
Babkin, TBROT ISSR Sek Ve hs oo as ona ae A re McGill University 

Bachem) sAllib ents... .cecco-casesteansestecct University of Illinois Medical College 
BEE CS GRRE C0) 2 AGA nt dete oR RAED oR cot OE Mt. Sinai Hospital, N. Y. City 
Baro alsevma aecne is. als foie ek eels Memorial Hospital, N. Y. City 
Bailey si@ameron Vanes cee ee N. Y. Post-Graduate Medical School 
Bartsell) Georce Als ot ee 3a. ccs ee eect SE Ren ae Yale University 
Balwin. eR ea piece ee Senne N. Y. University and Bellevue Medical College 
Baldmdoe, Clarence Wein je cce eeae es State University of Iowa 
Ball dowin's SWieeMiarinin ou eke eset tececc es Meee er ee meee Albany Medical College 
tS DEG A A ee bon eB ee ee eRe Ree Pe University of California, Los Angeles 
US aia ties AR IMR eo Cot AB. Scr ee ones is ae cee pocesuee taba eee So Soe eR Brown University 
Bamitinies Hed eri ks hao sites 5 ae cece ak ace ct teu ce ee tesceet fe enero University of Toronto 
IBATaGh eAll vinwline ee nceweneesrepeeec reso aavetusees College of Physicians and Surgeons 
Barberi Wirvlbhovweid yess tee toresereeceeree New York University Med. School 
Banborup, peberiry (rg isc.2).cssecescceenven score Nev ever emet eae anno es Yale University 
Bardeen, eChamlos Ris. sac soso a os eeeeainceee ebeetel teee University of Wisconsin 
Bamlows iO rp lniswy Wiecedesetes coc ccgeectcecatcacchucbenameveererct acts Western Reserve University 
Bare tty? Geox we wD) eee eee sic. pee ccacadence nce leceencet ox eaneee tose reer Stanford University 
BB arenes Day Peeters ssw cases aensea conse so caeco neat erent Washington University 
EE Tea yoy a gl Oy tthe 6 rt cine eem Rew SP eee ears cps Renee eS emer University of Chicago 
LS¥sh 0) Wet Daal G preva ct  o aCe ee eee eS ear enn cy New Maresh er Columbia University 
DE fev Get Walks see eee eee ret ten ere ee ees ree eee Tulane University 
TESS GSAS pe eee ek 20 ck ee ee ee University of Wisconsin 
Batterie hese ee a1. cet ROT ten eee Rockefeller Foundation 
IB Gi STO UUIS edt ere. tecceencs atest se ccncteonseseeteeenaers Presbyterian Hospital, N. Y. City 
SBIR sad shies csencicacicimnve sense ncsorace baa pannchsaen Montefiore Hospital, N. Y. City 
Bat Pere ery li TOTO Y 25.5 25 tu se settee tans veeen bocce babes peereat te wcteeste Stanford University 
Bayne JONES; ieee cesses dap, Gech ene eee emeet ss oatet ad ppranee ta ete Yale University 
Bazetity ER e Oe tte traits cco st eeasidsesastnanprpatancteeeneuieeneat University of Pennsylvania 
81-3 o Wal wad cepa ere Bese eee eR oe ee ee Louisiana State Univ. Medical Center 
Becks) (Clanden Gnu cctctiki tele sanibectcnmuavontensvevectes Western Reserve University 
Geer iby. sR Atceeces eS bse onnsran sitanutvaul peapendustnusee l aeavaxenane nea Iowa State College 
eokena ni nel eam iny amen ceostencinenvcvencvvsevevneautieses Marquette University Medical School 
Bee hewyi ths way eat veceee  wecedeutec-ticsnavsvemntaseas University of California, Los Angeles 
Behires A canmette iA isc. ..ce.ecserce-ncctcsvesvensbeoreeneve Cornell University Medical College 
Beldine Ma vada ise. cere dessewc ea tactvevataxeeuteyenteerr ora etemm nearer Boston University 


VEX ebramyg, eeNniadanblid Meee ne ibh ee age tee University of California, Los Angeles 
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ES | Cornell University Medical College, N. Y. City 
Benton, Anne Gu Minneapolis, Minn. 
Berg, BL Columbia, University 
Berg, William nests oo ahs Wark thy 
Bergem, Olaf CCU niversity of Mlimois 
Bergey, David Bo __________._National Drag Co., Philadelphia 
ES SS _.Lenox Hill Hospital, N. Y. City 
Berry, George P..____._...______. University of Rochester Medieal School 
Beutner, Re University of Louisville 
Bieter, Raymond No ___________________ University of Minnesota 
Bills, C. B. _______..._...... Mead, Jobnson and Co., Evansville, Ind. 
Pape rani ie Et Sais ee _.Western Reserve University 
Binger, Carl A. L_________.____._______.____Roekefeller Institute, N. Y. City 
Bithess, pore Bo Pris, Pranee 


oo Veale! University 
Blakeslee, Albert F..Siation for Exp. Evolution, Cold Spring Harbor, N. Y. 
Blalock, Alfred —............. Vanderbilt University Medieal School 
Blatherwick, Norman R......Metropolitan Life Insurance Co., New York City 
Ree ee Cornell University Medical College 

i See Or “University 
Reeeeney es Palane University 
tS eS Seen Yale University 
Ree nero CCC iversity af Chicago 
Bloom, Wilham St Cniiversity of Chicago 
Bloomfield, A. L.___________.____.__...Stanford University Medical School 
ore ttCdnwersity of Rochester 
Bim, Harold Fo _____________________ University of California 
Blumgart, H. L_______________________ Beth Israel Hospital, Boston 
ei eeeew York City 
Bodansky, Meyer ..........................John Sealy Hospital, Galveston, Texas 
Bodine, J. B  —_________Stae University of Iowa 
Bodo, Richard ................N. Y. University and Bellevue Med. College 
Dalene ere we ___Mayo Clinie 
boaoeeen Cniversity of Chicago 
Boothby, Walter M.........___Kahler Hospital, Rochester, Minn. 


Bowen, B. D.________-_____------____-Buffalo General Hospital 
Boyd, ties. BS ________—_Loyola University 
Boyden, BE. A_______.__________-. University of Minnesota Medical School 
Bradley; H. C__________University of Wisconsin 
EE New York State Psychiatrie Institute 
Branham, Sara E.......----- _....National Inst. of Health, Washington 
Brewer, Robert K...........----- Syracuse University 
Briggs, A. St. Louis University 
Brodie, Maurice _..............-----------------Dept. of Health, New York City 


—s 
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Bronfenbrennien, (i) eee wok ais Me Leb ewan Washington University 
Toa Roped Bee ise ana heme nner gael SURO Ry nas eiey nel MOS University of Pennsylvania 
Brooks: Glyde) ae ess as ie Louisiana State University Medical Center 
IBLOOKS eLL ATO Wie eee rte a et oy ae alt New York University 
Brooks eMiatildasy Myc yn cos nas A ee University of California 
STOO KS wot tae NON e ee is Ab 1 ae ea University of Cahfornia 
ES COUN, ra) eee ae ee Ree aS ee Ve ee St. Louis University Medical School 
Iedronipevied Nec iD Moy a. ace Ly aang Mee awed gene nesee Mee Ge University of Minnesota 
IBTO WI Re eELO WAT ONS = 20h certs eee Sue vue eaten Johns Hopkins University 
BTOWiste) OT ESS Ee Lie eis eo eh eae ON ale Ohio State University 
BO Was iliac See ate te eae Transylvania College, Lexington, Ky. 
UB yahvig atte at yc) ete) UM yeeieke meee Rete RR ae Mel. ih WIE eaves Aryn! N. Y. State Dept. of Health 
Brown, (Waders. oie kya) ee eee Rockefeller Institute, N. Y. City 
buchanan, hobert Wilsons eee a ee ee eases Iowa State College 
bua Claloriive Per yan ae Open ere ame fern ees emet o Michael Reese Hospital, Chicago 
Bre Hs Mina y Viena se oh ee ea a ated ccuecctnese Johns Hopkins University 
bei A A os, TAR  senele late eren Reco teeinaee ess oe UERR Washington University 
Ballowas Jt Gy MES cae ae ee re Harlem Hospital, N. Y. City 
MES ran ats Og TD ca Sa ce PS eae ces et ce University of Wisconsin 
Bunting Re Wee ee eee oe EE ce ps eeae eee Stet teeee University of Michigan 
Burch; John’. ee ee eee ete dectes Vanderbilt University Med. School 
Burget, (Gr Ho += Cee a ae ee: University of Oregon Medical School 
Burkey, Harr] la!) ee Rey eee be eeeetisteeaeecesedsbevas sxueod Johns Hopkins Hospital 
Burns; Robert Ky: rice eeccce ae eee teeecceceecteeene etree University of Rochester 
Burr, ‘Harold sSo.ccc ccs teestate Sees cac cnc tanec vive cere ncteuncteaseeesonterens Yale University 
Biarrrows, Mi} Diss esis estes ee RO tas CE a ae ry ea aeea ae oe Re Pasadena, Calif. 
Byerly, 20. Ch ee ee ee ee tece U. S. Animal Exp. Farm, Beltsville, Md. 
Byrne, Joseph -..co.isceshe cesitececeescsent sedecttert cetrcenceistuasvatasatsaseocen Fordham University 
((almns, Garry Ni ee soe et rachel Saleen Columbia University 

Cannan, Robert K............. N. Y. University and Bellevue Med. College 
Cannon, (Pal Spc recic tac kec st eee note th oe Dili eaee University of Chicago 
Cannon, | Walter Bs o8.c0 se Meany nye eile eset aie der Harvard Medical School 
Carlson AS Soo 8s ete eee oe ee ate arias a Rte ee University of Chicago 
Carmichael, BiB. sae ceeicm ene. University of Alabama School of Medicine 
Carruthers VAW bert ocse ce cn eee ae sere enema neers Peiping Union Medical College 
Carter Ward ie Ae ecee sit Ana ame a ilaceren ely Vaniey Johns Hopkins Hospital 
Casey, “Albert Bi ssact lohan ope cereriees ie ieee aca trae Rockefeller Institute 
Mash AINOS. Foes oo cs. rots isk ce era behcke Ne omvge a at University of Virginia 
Cattell MielKeen stoke 2a ot ee nmbeney Cornell University Medical College 
LGi: 01 211 fo IOP. ipa o Ia cameras ummm ee ovens vay tien University of Toronto 
(Or ND Feel Lig aha teat eager ote cpio (aaa Cornell University Medical College 
Ulaee:acrenarr Wt) sen 6 tet ae ees N. Y. Post-Graduate Medical College 
6001 1h Ni Re eee a aR Bt AMPR A ANoraderetecr ca) biota University of California 
Chambers!) Wao ert eee tcc. cons secs nent ae ea ted cana ep New York University 
Chambers, William Epi ei 6 ea ae Cornell University Medical College 
CDT LY SAMOMNTT Oot osttean coh sean n cere seen Peiping Union Medical College 
Change. Hsiao-C iene in ieee ee ame Peiping Union Medical College 
Charip per, Ei. ALT err Sa 220) Sioned nies Pees eaitepes kr taps bac New York University 


(Cheers SHIN eee, ee poten TA an Ee Central Hospital, Nanking, China 
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EE aaa ee Eli Lilly and Co., Indianapolis 
eo gua dna acncedpuv puccnene Long Island University 
Met University of Michigan 
i Ee EE University of Chicago 
CSG Gide TR “TE hs Me SA Sg Yale University 
USPORS aa LEG a7 J: Sa occ re Peter Bent Brigham Hospital 
ES: [Sa a eT University of Michigan 
(OMe ING et University of Edinburgh, Scotland 
Cligtic, Gai VCs ee Lederle Lab., Pearl River, N. Y. 
(EEG IPs 1) oe ek ee University of Wisconsin 
gS nc UME! a College of Physicians and Surgeons 
Om cnsics Sse ae Strong Memorial Hospital, Rochester, N. Y. 
oles cnh JEG cher) ct) hae a University of Minnesota 
UG TGise GEL VE rc Eli Lilly and Co., Indianapolis, Indiana 
CMerrOrny CN ASS 2 ieee aS a es ee ene Stanford University 
COR. AS Tae Oradell, N. J. 
Glosie hl. (C. 10.. Saa See e n eee a CO Eee Wistar Institute 
(Qi Deis) Leics Johns Hopkins Medical School 
Couliie, MCh bel oe —. es She N. Y. Post-Graduate Medical School 
ea J IDE ee Rockefeller Institute, N. Y. City 
COUN, UGNCGN72) 2 S02 os Sle rr a New Orleans, La. 
(Crete LEI) 5 Lr cr oc University of California, Davis 
OP, Le dace sco dR er ea University of Wisconsin 
Clote, [RESTS 1 SV ee er Rockefeller Institute, N. Y. City 
Cis. ISL i 8 [a PR Rutgers University 
Coir Te aly VET a 9 ofc) New York University Medical College 
Doorn. \ 10550 MS ea ana Brooklyn Jewish Hospital 
Coullaiti, 1 Ven 106 a crc Western Reserve University 
(ool ae. VOL) 2 DS eee lee St. Louis University 
len Lo] SRR eee ee? ee sic oes ger eee Crafton, Pa 
PUY Dh, UE a a ee McGill University 
ae EO ee aoe 85a canned wnce cdo nccdecensschonee Princeton University 
Monnor, Ohartes: Lis... University of California Medical School 
Cook, Donald H.............. School of Tropical Medicine, San Juan, Puerto Rico 
CIOS SUNG 2S 2 See ee University of California 
OSES oh AS oh Ste Washington University 
(Qaiialgs Isle C0 (Oe New York Homeopathic Medical College 
NNN crete n cece nsen sateen Columbia University 
Coo0h, “led! 12 2) 2 Eee ee es a Washington University 
ilies, Tian 210 Co. aa Se ne Purdue University 
Sipienete: (GC 2OT RSL NE ee ee ae University of Rochester 
Cision 131) 7 Ee See eee eee National Jewish Hospital, Denver, Colo. 
CRATEDR, CoN (1S) RUS Resta Re nen SE Columbia University 
(OSM Shy VL Washington University 
ig) SRSIGESy EES Se sean oe ed ee ee Yale University 
Clostige  NIL SS Eas ee cen nn net eee ee Os University of Michigan 
Chop (EL nse ES oa aie eee eer os ee Ear Tulane University 
(oN ayes hea a A) ME | ce N. Y. Post-Graduate Medical School 
Ceti eo VS 1 i 5 i ane ene eae Northwestern University 


een Western Reserve University 
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Crohn seB uri eee: eens UREe eS Mt. Sinai Hospital, N. Y. City 
CTOZIER SW ee in 2 ab Le te oa) 2 ee Harvard University 
(CritekshankshuaiWreabhiistsen ie 2 ee ls Dalhousie University, Halifax 
Gsonkas Hiyama ra 0 oe SP U. S. Dept. of Agriculture, Washington, D. C. 
CinllieranGlenvam bias sess 2k ee Children’s Hospital, Cincinnati, O. 
(Chumarmutopel ata eeee ete lal dh ee Tulane University 
(Crmnintinto harm aa Sree ee ee ck ee ea ees Vanderbilt University 
(Ciiintiig Cram Inert oO te ciel ann elves SLs 2 lee nh a oe ee Ohio State University 
Gurbisse Minyimiowiysu ® seen Ft oe ee ee ea Columbia University 
G@ushinowsilenyevmiWie!: x00). ) 1 ou 2 eee ee Yale University 
Civlers Whois Cee ee oe Peter Bent Brigham Hospital, Boston 
D2: Greihicd N ikeiotels BARES 5 2S ce St University of Chicago 

INEM obehs 15 ok DN eee eee saw ME Eee Mar | Ossining, N. Y. 
Dandonth we OGharles wee. 2... nec aes pas 2 ee ees Stanford University 
ID erate) Mae bel ray Ks eal, oo Sno ee Le eee a University of California 
anrels aeAnmiven bn ee soe Eke ee Nee eee ee University of Iowa 
Danzere Charles iSeer! 28s eo N. Y. Homeopathic Medical College 
Davenport, C. B............. Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
Davenport iA lass eels Se . Northwestern University Medical School 
vies mle Waitrose ee The University, Sydney, Australia 
IDES aR BD) (ihe We tek Sep hcr ae tt MO eee AE eae aes ek See Wilmette, Illinois 
Dawson ames wAvewe slo. 20 5 College of the City of New York 
DD EEWSO Shichi ee Pa | vest Te Be University of Texas, Medical School 
DE as ewaly cots ce) Saaneehe are erate Pela Northwestern University Medical School 
BY 0El cea td Poyi(6 Uta ekg ke ee ee ee eRe Stanford University Medical School 
Die Gralla Were A meee i oe oe Loe See N. Y. University Medical School 
Meters Ges sete eee er ee University of Pennsylvania 
IDX esT0)cryts Opie OCs. Band tit ee Meas aeeaee euane ari ote Peter Bent Brigham Hospital, Boston 
ALD Te yyctih NSU y TR weete nana a S20, Pier eo es eee Nan Columbia University 
Deuel, Harry J., Jr............. University of Southern California Medical School 
Dickson) VNiy Came tee ee oe Stanford University Medical School 
TD ieTIOS wlio tus terete ents eos 8 eee Massachusetts General Hospital, Boston 
Dreckmianin, Wit dst uiue were te See SO ee Peter eee ee University of Chicago 
Dieuaide: rangis Ro. 5 2.1. Peiping Union Medical College, China 
Do cums Cntr lesan teeter 2:8 i's cnt, eee nee ee ete eee Ohio State University 
Dochez PARR Ase see tt 5 2 ae Feed Presbyterian Hospital, N. Y. City 
CD cs cle AVS rephrase ee ee Stanford University 
DD) Gist MEIC erro Ates eee eed See ee oe St. Louis University 
aD ole yA W cle Spe) eee Ae Eo 8 aan Ss a ia ee es University of Buffalo 
Donaimourezy Niger y eee uel). 2s ee een St. Luke’s Hospital, ‘Cleveland 
Donaldson ss seat een ee ok Wistar Institute, Philadelphia 
Donald song) nO eee eo eens sean nc ee University of Pittsburgh 
Doo leyee MEAS seo tes aes ea ee eet eee Syracuse University 
D7 URS Ee: cane ery Secon ene Emer a ta eee Western Reserve University 
TED osx Sh WV Chae) Neste ea was oo Sere ene Chicago Medical School 
‘Dicaib keri eee 2 oa aoe oe ees eats University of Pennsylvania 
Dracstedt. Carl vA tec ee Northwestern University 
Dracsteds, esheets Rate 60) iran sect crocs eee ee University of Chicago 


Dyes yoresay, (Conese NW aoa te eee ery eae a erases Ace Columbia University 
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a TEE, ae ee ee en Albany Medical College 
Diokkeg, JD1 University of Southern California Medical School 
OE OES Sl Se oe er oe Metz Laboratories, N. Y. City 
[Din BYoyi ASM 2a ee Cornell University Medical College 
IDiegee aie, BE TNS Se 0 eee ee University of Wisconsin 
SRE oa genus cbn sein apc nt dense tenner paieneceenete Cornell University 
TDSacahy TEL y (bio ss 6 ees a University of Minnesota 
JO SiiS Toa ORS 2 aa Columbia University 
Ina ES ee Se ee University of California, Los Angeles 
JDM, TD LGNy ila) 22 Soe ne Ohio State University 
IDTERG GE Bsa ee Ce rc ea ee Yale University 
iBegin TR. ENCE RC cS 2h cc ee Pennsylvania State College 
TDubyenll. (Ch \NY 5 2222 a Sl eR Tulane University 
1Dve Were rool, TVSTY CTS ch ee a a University of Illinois 
IDG) a heiole ka ree Cornell University Medical School 
Eyberson, LEC Ce eS AS eee eee eee San Francisco, California 

LUGAR i!" BA 8g eee Western Reserve University 
inesinend., NELSih yy (Ce an ee me eee University of Michigan 
ISkeGliy, VW alheie” 1E 1S Oe rr ‘Columbia University 
Benen dis: (0, WN AS a ee University of Michigan 
LEV GRC, 10). (IES ae Cornell University Medical College 
We wanes, Uholaiel Cae oe eee ee ee University of Buffalo 


Eggston, Andrew A. 
Manhattan Eye, Ear, Nose and Throat Hospital, N. Y. City 


Basbere, aldarry (B..c!2.-s.-21...0.:. N. Y. University and Bellevue Medical College 
TUES. Niles 10. <2 SS en eee eee nae University of Missouri 
LEIS city 18, 2 ea een ie ae enn eS Johns Hopkins University 
1 Gleras (Clad a Neurological Institute, N. Y. City 
(BiSese. Vs 1 Se a Cornell University Medical College 
SO)eo a NT ne Rae University of Buffalo 
VETANSTS, The JN SS a a le ee Stanford University 
Tee, 1S), 1 SS eae ee ee PERE eee ‘Columbia University 
LESSEE MANS eS eee ee eo Mt. Sinai Hospital, N. Y. City 
(Dee Praa aide CCl: ) be ee University of Berlin, Germany 
iidlevnereie.: ql OS6) 5), see eess eae eee ne Washington University 
abe oteiverec®, CANT Hap 2" (Oia een aed ann See Pe Cleveland Clinic 
DO ete eM LOO ee cc ccc ctca pence ante lan qen ow tuslsssdsdouseentencntuenne~evastsueShanad Mayo Clinie 
Tahsin, Nee (CRUE ea ar National Inst. of Health, Washington 
TARTS. EO oterats laa en University of California 
BD cere ine WU 35) as University of Oklahoma Med. School 
LD hrutees, inc ea ne en Cornell University Medical College 
Tipe te 1, 21 18 a University of Wisconsin 
Faber, et io gona cccsensnsctennne Stanford University Medical School 

esac anc racer eenre ne nnenintnnncacnnn nd University of Minnesota 
DELS Tas Sic cute cok She coe ee een Ee Washington, D. C. 
OSG. VAL (GScule(2) rr Harriman Laboratories, N. Y. City 
VU eee ee University of Illinois 


TM piey hic, Dp \yV oe = Sea eee ee St. Luke’s Hospital, N. Y. City 
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Mammen, Ole ste ue tate sae Se hs 9) a eee Northwestern University 
U AEH eis Hodi.c eVehs| i Ole ck weW nN EE ae EUDRU MLS Bont any aR Reeaptl le PCIE ERMRKO Pet uaR Tulane University 
Devil bae eco fo ye Wena seen a a RE nen Western Reserve University 
Henny wyVeullace Ow Ger ae a ee ek University of Rochester Medical School 
Merraros Armando ey tool ke eee N. Y. State Psychiatric Institute 
IHG Irv sea MV emia ee eee ec a be eer ee Harvard University 
Bears Wee eee elo oo au lle A Westfield, New York 
a cela I Keven chs, 1) (RU eee Obeid URE en CRS Cocoa rd Stanford University 
SEO HE selreent enue kneel a. NN Ne University of Maryland Medical School 
| Sarl Congds [Ole UL ie UNE, ae ea eee ee eee eae Battle Creek, Mich. 
SEPT WAV gL ok tees Ai ao eb a acs I eae Bab Johns Hopkins University 
TISGhermpAlinant es te: eS les oS eT ese aameerr eteee Kopenhagen, Denmark 
Selmer, teers ees eece a RG eh ad LRU Sed University of Cincinnati 
Rishberg kway bis eek ve i Beth Israel Hospital, New York City 
SHSherNe som tH sess 8 aN tes St. Luke’s Hospital, Chicago 
TANGA (CY, ale aE aba RCN hae Me set ec UR CU oa University of Minnesota 
TE Z MECC ITAL ee A, eet Sa ces seh Ue ea eet Peter Bent Brigham Hospital 
A Rik fig 08 Ro ou pee ete ene ee BS GEIB DLE YA University of Toronto 
HMOs herr IMO Vern oe ks leh A) ee a au LN St. Louis University 
exer “oiraons ac. a UN io ae Rockefeller Institute, N. Y. City 
a DUD ay abya) Quecerehs hc) ill B Bea tenaee reer ern sn Ane ePREE St) ASCE kL oK it Columbia University 
Mlorenceywrarray csc ec eae, hee New York Homeopathic Medical School 
Miwhimanms, Charles: (Bi!.) secs0scs acess Stanford University Medical School 
IHU DES MEV OMIY. 23222 5k ccossa Cobain: soced amc cnetesemencbhacmeet omy tea: ceaae ieee aero een Milton, Mass. 
Rorknern@laudeniit 0 he SL eee Peiping Union Medical College 
Mor hums PAB se he ees eee ee, Peiping Union Medical College 
Poster! Good wits Wie 5.4.08 oe ee Secreta beter Columbia University 
Biramke to bert Die. ie ee ceskcey caine Nhe A ct ed Mt. Sinai Hospital 
Wranter, (Chester iNite soars S ee he Peiping Union Medical College 
Mreedlandern tS; Ose. sos yee kee ea Western Reserve University 
Uiegerefeb sat yalayal Woy Off Nain ener meine Bul Meee ete Nor pe Mair ect Cana Mi Cane ery Rensselaer, N. Y. 
aay (cierto RL rar b eee ee eee ane re ra CMS IP OST tee Columbia University 
three) v0.00 Fue RVI (Ye eae Rae ene ne nee me CTE Se Cornell University Medical College 
RI eriGla UUs peered weed eck see Sees University of Copenhagen, Denmark 
irre @emigmin, veabies Acre hi ore ak ee a Tl ee University of Chicago 
iWropishe rs Meebin, ee ss he a a le oa uae a Baltimore, Md 
Shreve WW eorneyy fal eds ee se ech be ask ead ag SAU oe eg cane Cornell Medical College 
Bane MBAs wes: reeds ee se a BP ee aR Towa State College 
Saedavoy otic! Kotebely | ee ceep ee aeeeetaneeeaiee Rae even rete Eat Cerro Yale Medical School 
a rrr oO asia Te eee so es ce sc td ae LM eer ee he Paris, France 
Tih rhe atl eh eas) ets sere ep Nate aR ee Cornell University Medical College 
G2ebler, (Sa Bae a EE OR Re Mae terse teeter itr Henry Ford Hospital, Detroit 
hae era ME GH 5 So) ah is 0 Cte ie ay eee Pe eae eee GM Tulane University 
GaveriCusStuarb: stereo ante Brooklyn Botanie Garden, Brooklyn, N. Y. 
GAMA DLCs AIMS B Ly eee ee Ne ciara Sekt Maat a ai a Sa Harvard University 
GarbateAtora nemesis nh ea Lenox Hill Hospital, N. Y. City 
Gardner isevoyg Wrsere ere. cena Saranac Lab. for Study of Tuberculosis 
Charre yc VWiadber ical is cant MN Ae Raa ROM Ra AR ean Vanderbilt University 


Glaclkell, obit Be 8.02. boots tases eonetoansovepeontvescpawen nae saan reanton tad Cambridge, England 
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a New York City 
a SSS CE Columbia University 
SS ll ee Johns Hopkins Medical School 
Co eee eee University of Alberta, Canada 
CPL POP bop Dis yee University of Illinois Medical College 
Og! ae University of California, Los Angeles 
Se BS University of Chicago 
DAG yy 2 in Western Reserve University 
ve LS SD LS oe University of Michigan 
lb University and Bellevue Medical College 
RRR cw cetredetneedneceondedavved Columbia University 
CS Fe i a a ert Oe University of Iowa 
SEER U1 20 i a ES ee a Columbia University 
ES Pik. eS Ee ane nae University of Wisconsin 
Se le Eh | eee ae en ae Pomona College 
nae relay Rn eee Beth Israel Hospital, Boston 
eprtic al 5 Washington University Medical School 
SE Lo 2c ra Mulford Company, Philadelphia, Pa. 
Raa ee IO OUT Northwestern Yeast Co., Chicago 
(eS 2 EPL cn lS ee see ieee Amherst College 
iL ip) sop) See Cornell University Medical College 
JED 2. 1 ene Presbyterian Hospital, Newark, N. J. 
TES 55 SC ae Western Reserve University 
on. 2) ne Beth Israel Hospital, N. Y. City 
Co TU cs Ll College of the City of New York 
OU LU ns renee oe University of Pennsylvania 
ng 1 8a 0 SLSR SSS ame Dee eee Rockefeller Institute 
i Fy 1 a 1 eieenc enorme University of Minnesota 
SU a ee Tulane University 
ae oe ho SE ee ee Washington University 
25. 5 pal dh a bie cee tone Washington University 
eC os St. Lonis University 
O° vl bt er Jewish Hospital, St. Louis, Mo. 
LL i se ES ES University of Minnesota 
Rn University of California 
TE ss cot oa BR SSS secre Brooklyn, N. Y. 
Greenwald, Isidor._._.....----__- N. Y. University and Bellevue Med. College 
EEE eer eee University of Edinburgh 
Co Barnard College, Columbia University 
(oo 0 i 2 so) ree University of Minnesota 
Scares University of Buffalo 
LS on Seton oe eee meonenr arene St. Louis University 
I cc reeeniciieetners State University of Iowa 
eee Mt. Sinai Hospital, N. Y. City 
co 0000 LoS 2 ee Sones Jefferson Medical College 
eee University of Washington 
ener eee University of Nebraska 
0 Northwestern University Med. School 
Ec Baker Laboratory, Ithaca, N. Y. 


EE haat Be Ee eee a ee University of Denver 
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Guithrietd@: pC sete ok wrt Ae a nee ee ee University of Pittsburgh 
Gruny. PV ie AeA ste pias ate Sa Pek Ae Peiping Union Medical College 
Guyer Vie sell Bie acne eee re A ec University of Wisconsin 
Hatley, selon Pee 9. esl gh la ol  e N Cedarville, Mich. 

Hafkesbring, H. Roberta.......... Woman’s Medical College, Philadelphia 
Elarainwayypilllvenm PANE ose takc es caon oo ence geste tee Cornell University 
Halal) bisemest: IM. eta. University of Southern California Med. School 
Dalal Severo Wien See ali coon). SACs ee a eaetan Tulane University 
EDA Sey miVvODeT tS Plasetese Med. 2. see tata N. Y. Post-Graduate Medical School 
Earner er Ves WV cnet kee ee Os tsa ecs 2 cc tena eee Rush Medical College 
BT ANT OTN AI cw cc ccatcig sn Soe Ech ot ee ea Chicago, Illinois 
UUW TENORS GIES ANSE Le ee eine en RE Aart Dirge a at a Ma EE Iowa State College 
Elbe skecrevt yo ts eliall-ellih a | (peace, gee een ee Presbyterian Hospital, N. Y. City 
Etamiice, were b iMate hae Sie ok ah tee hal eee ee Rte ote University of Chicago 
Te Wevavoy aye ele lh 3 secre Ma ene lee amen cee aN 8 8 Peiping Union Medical College 
LSI UARCaaie ou alen C Abel & Laan See RMR OE, tee eee ae Georgetown University 
tan Zlikew ieee ee ise oes dee eae te) Stanford University Medical School 
Jol wman ish Bsba Ker a Mis. eeteaet es gunaae reece Ai, 8 nian Te esi Mean teenie. ye Tuckahoe, N. Y. 
Pay trl eerie ds Giese see eee tice ere kee ee cae ee ree Cold Spring Harbor, N. Y. 
eLearn sera Vall eal te 2 te eee ee ee ee ee eee ee Tulane University 
lerriiSo nisi Char ck dt ta oh ares a hie, be tee, elas eis Yale University 
Harrop George ths alti cs Si keene ee ene Johns Hopkins University 
arrow, gis emyjamun se eee ae eee College of the City of New York 
ATELY bs pV CLwurt Taal ps ey 8 ee Pe oe ot eee a ae University of Wisconsin 
Pela cieG Core ely eli tur ter eedea ns cane anes University Farm, Davis, California 
PEL cinstrny eat sae WA pacer setae ee cet ee ae eee eee University of Buffalo 
(Eh ainvie ys SHON @yyilOM 8 rite nara ce ee ee ee ee Princeton University 
Harvey; poamele © ve! Lies ee eo eae eee ce eae ene oe Yale University 
HTS him ores) Av VE ait ey eA Sete ee aes ec, a University of Chicago 
8 ISS ogc CURE G psa cee Pen RN ste ee ems IS ee oe Sea University of Wisconsin 
DPiatehers iiaAie cama Soles dents cat Uae ee Cornell University Medical College 
uaterinies: hei cee 2s a ea On ae eee 2 New York University 
latinarwrany silica  Sceece: creo 5 pete oe een ane antec eee Tulane University 
[EDWG ¢phl 2 oy s aaa Ree eee ner Oe) Maem aN Caer ABN ES NF ane TO: 
APBarylciniss #damnaes PAC 2 eee geee coos oa eac serene U. S. Navy Yards, Washington, D. C. 
iblay dens @larles.(Hivse: ae: £8: set reac se eee Me eee eee ane aie Cornell University 
Ve Gesanasyay. 0) S00 ea fio ee eta Beeps anh nie ie pete Western Reserve University 
Ila vioraay S aime Wy22e. 223. sesastertencpe eee Singer Research Lab., Pittsburgh, Pa. 
a Weta 0B anid De Oa ee etre Nee ei nd NIE eh ssocccae occ Columbia University 
Heidelberger, Michael................-.2-------2- Presbyterian Hospital, New York City 
TS Weyl Grabow aw. ADs Were sees a terres eee reece tr cote University of Pennsylvania 
Hpenmbec eng Rete Tyee settee tance cote tee cr caer erie eer Washington University 
1S Feb COE IN SS e ea ie er rer eee Pe eee tobe ee ceo New York University 
1S Pel brnlwelbay nba exebl aay enema pe aE oh Bee Sa a ecco encore Mayo Clinic 
TE WCeseteucdb.cyi ley IN pies Ue See aor ee ee Perr error University of Texas 
Vachon toils Naot ayo VR tea i a se ere eee oe esac neers University of Minnesota 
Meiers wise bes esses rea cae ear een ace Memorial Hospital, New York City 
Iepevirm Avan, leet eee e as katerawtce John Sealy Hospital, Galveston, Texas 


Re rrolely easel eerste noes eareear University of Lllinois Medical School 
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leah en ccc St. Louis University 
Heymans, I see ao sta ca ets amin Seance U. de Gand, Belgium 
STS a Mayo Clinic 
Himwich, Oda, Sek A Yale University 
Jha sp, LL sd Cast MES eet State University of Iowa 
TECTIA T Dishes eer University of California Med. School 
ee Se a ne University of Chicago 
belies diy Cn ace ee Stanford University 
ORRIN eae ane cc vivant enndtecne ocd pucensdveaveabeneeeencn Mayo Clinic 
‘slueetlmes alee) NE ye nr University of Minnesota 
Josie INL bree pene eh hh cc i University of Wisconsin 
Inui nogke, Jel UNE hr ee Ohio State University 
RPMI RIN oo. oo aca cnnm enc cdenzovenetencnennnnedceentones University of California 
Nets aye Mad (Cs ke ce a Peiping Union Medical College 
Hoffman, George L....................--- Allegheny County Hospital, Pittsburgh, Pa. 
JeOMb IAS, VAY, dS eterna Chicago Medical School 
dots eunctore, 1Due\ el sdlse aaah Aen ae eee ed Columbia University 
Holm t@eoreer Ho. -.......1.--. Department of Agriculture, Washington, D. C. 
De luusdinie (Oyen te shin) Sikh fee eee Stanford University 
HELO Ride Nii ea et ee University of Toronto 
TSSUITNOS) Sis. Cosette he ee ce University of California 
TEN, Woe 1B) STE (aS bel Johns Hopkins University 
dakoye) acre DEVS 0 ero ieee ee University of Pittsburgh 
ISEQO NEG, |SITE IC. Be eee ee ee Boston University 
lebedeass, (Claud bes! Ni SS See ee nS Ee Rensselaer, N. Y. 
MTom ee ANA CT oon assent iccnnedodseocadesesendeovoreccndateoce Columbia University 
res oii, iG SES tO ee St. Elizabeth’s Hospital, Richmond, Va. 
Hou, Hsiang-Chuan................-..--------- Lester Inst. of Med. Research, Shanghai 
NS oye As Oe ee Department of Agriculture, Washington, D. C. 
1S conielll US) J cle ae Michael Reese Hospital, Chicago 
Ha lori benae), | yuh at | 2) een ee ee eee New York University 
JHU lech). LRVOfePer ee TS he ce ne ee eae Buffalo General Hospital 
Teves) Gl, CRN soe a ae ele eee en Ee University of Michigan 
eo ane cae tccee amen cnn cnensnnnnnsisneceecnntentrnsnhen University of Chicago 
bel cae eee ene Rockefeller Institute 
Telvgiayavte cays 122), 1 I SI Ie Slee eae ee oe eee cerca er University of Buffalo 
De connec ce ennene erences nennencennwsansanes Harvard University 
Iebiiess, \ eager (Ck rT University of Oregon Medical School 
BE oa oa cea enn ence nantenennnnneeneneneoscntnenntenscnnsnse Saranac Lake, N. Y. 
DB EN ay ai, SN EN ee eee ee Stanford Medical School 
Hussey, Raymond............----------------c-----eeeeceeeeeceeeeeceneeeceeceneneneates Yale University 
E™. LASER GIB eee ne Rockefeller Institute 

BR Reece scence ccna n enews ene ene enennrnennenen University of Wisconsin 
Ppa Os eae Simpson Memorial Institute, Ann Arbor 
Pig fol Cee nea Northwestern University 
Jeers, a |: aa MR aii ound aetangtsa genau University of Minnesota 

clove etscgieie, TID, LOS aS See le ee University of Cincinnati 


Verdier. \Sletanre Oe eee eee eee eee Boston City Hospital 
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JACKSON, MEN CHAT Gg Vine rae as eee Cornell University Medical College 
eJ2.00 DS pe Vie ate aren wee cea be UALS University of Pennsylvania 
JECODS, Wisihe rile eur h se een ATA a ane Rockefeller Institute, N. Y. City 
eBCODSCN AW AICLOT Op erere tee iil, 5-1 RU Jee US Albany Medical College 
Vattes Periyar see ee eRe ea Hospital for Joint Diseases, N. Y. City 
abt eS CEU eerie, seas 8 one Ea EU Ey ae University of Illinois 
pS U AIR od Bs vU Gy 0) | Cease a> ee ee Raeee ee Een ne tae University of Iowa 
VETO S temas cranes ees O82 2 GL ess teed A Johns Hopkins University 
PROMISE spe ELe TIS OR rae otek a1 Dir ao ed le ee Johns Hopkins University 
SOILS Tie) VV ee tei eae ey a oe Ng eae Columbia University 
SOUT grep Meats kee aie tak Vanderbilt University School of Medicine 
PODS HH OSber IM erie: Shh ke Ne te dec ek eee ee Tulane University 
POHDSOR, McpAt ieee. h Ss cree a eta, University of Chicago 
DOL Sori yy Ga See ei a as ie eee es ae ot cee ae University of Utah 
SO UMISD elt S o.oo. M ss net oes 5 Oe ee ee ee ecg ok eee Yale University 
Jolliffe, Norman H.............-..-.--.... N. Y. University and Bellevue Med. College 
TRAE PION cx cn crc dtar cena eos espaanes ane eager University of Pennsylvania 
Jones, Mrederclo tS: sc) 2s net See Rockefeller Institute, Princeton, N. J. 
SHOT AIA io HNC yy Ti ee ee es aoe NE pees ce ee oe University of Chicago 
OTA TA cy Bre es ek EN Rs EE oes foes beeen eee eee University of Virginia 
Jdorstad, Ui, Eee Barnard Free Skin and Cancer Hospital, St. Louis, Mo. 
Post DT oie ca) ete te earthed oe See ea Deh enter P eR gL MEE PRE, POPS Boston, Mass. 
Jamelia Poms Acie, ft os Seer tee eee eee Washington University 
Pl sath] Od VEN Saree yee eee ea toe See Northwestern University Medical School 
Juneeplins.| Gl aws 2.2 cobs a ee eee ee ae College of Physicians and Surgeons 
Ka Morton: Cee ee ee ee Cornell Medical College, N. Y. City 

Beans Fis Wate i os eee University Hospital, Ann Arbor, Mich. 
Ramin , Oliver a2 2 aes be ine tars Sel Reece pene eee ee Parke, Davis & Co., Detroit 
Kearsnen,, Ela s. lo, eee a) Sa ee balls eee ee Western Reserve University 
Ears G Wand wien fee eee a ek Ne eee N. Y. Post-Graduate Medical School 
‘Katayamaylire i.) SOE ees. ere St. Luke’s International Hospital, Tokyo 
DLC fugl Daa cs ne Aan ee Dee neuer en mat aCe As Michael Reese Hospital, Chicago 
Katzenel bomen: ssh ct eee oe eee Johns Hopkins University 
Ieeeter Ao hesher yi. 0ek cos uak he ee EE a ee Boston City Hospital 
Ricetom, Mob ert ayy ae Ee eect sence edese aaeee® University of Illinois 
AGILE Get Witten het oh oi pe eee eee ee ie University of Wisconsin 
Koller Adler iD) aisieen 2: haw Sloe aie University of Alabama Medical School 
Wollog rye Wit ieee e tn fo7 ee ee University of California 
Renny: el veGiys Aakers eee Baylor University Medical College 
Kendalls Arthur 2 Northwestern University Medical School 
EGAN s VEU UUM EN OPA CM mnAMO RRS uae eee Ee art nn Soot al Wien CAREER Mayo Clinic, Minn. 
Kerry Walkiam dies (300.2022 eae University of California Medical School 
iecselse do brit sectea oe tT eee eee University of Southern California 
eesten; Wily. Dist es hiner Ey ae College of Physicians and Surgeons 
Key, Solin Ae aon snesenglegemersieeeh Sayer ene Washington University 
4 KT FIC ap) I Ys Wn eo re aera Eh N. Y. Post-Graduate Medical School 
amr: ele Dee a scenes Wistar Institute, Philadelphia 
eirieel basi uanl pubis et a ero ee eee St. Louis University 
Kirkbride, Mary Bs2.....-.-------. N. Y. State Dept. of Health, Albany, N. Y. 


Heer, Max) Ah ae eee University of California, Dayis 
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(OS N. Y. Homeopathic Medical School 
UGiipaiaueemipnretve) £200 University of Chicago 
OL ee ee Hebrew University, Palestine 
TOD BLS Mt. Sinai Hospital, Cleveland, Ohio 
LTS UE £1 aE Eek eet eS University of Toronto 
2 Behavior Research Fund, Chicago 
0 Vanderbilt University 
pT 2 Ee ea Syracuse University 
TOONS QU oe Albany Medical College 
I IE ce G. D. Searle and Co., Chicago 
bogs UW aC le Ls 2 nena University of Chicago 
Vp Wei 3 Loe 6 ES ee a a Greenwich, Conn. 
Roehlerenbercdn tig oe Santa Barbara Cottage Hospital, Calif. 
USS) o 11S og) a ae University of California 
AeGSei se 51372 rr Mt. Sinai Hospital, New York City 
JG LeTies Ls eS a University of Pennsylvania 
DSC ig TE Psychiatric Institute, N. Y. City 
Koppanyreibeodore: Georgetown University Medical School 
pews (SGC Co 2 ae State University of Iowa 
CO ce ener Baa University of Chicago 
PGES 180) a ee Brooklyn Jewish Hospital 
(Gis, |r 0) -Long Island College of Medicine 
(oer, JG ONS dt A University of Maryland Med. School 
Greig Guggenheim Dental Clinic, N. Y. City 
VS gy eo cy hE en Ga Brno, Czechoslovakia 
[loser hi lie cc eee eee De University of California 
[bogie foo) 10) 2c eae University of Pennsylvania 
Terie UY OED CLT oh cc ce ae University of Pittsburgh 
Pepe merrreere Me WON. New York City 
ire gereoaret Me Chicago Medical School 
Way US Rockefeller Institute, Princeton, N. J. 
Tieton LSU fie: 8 Se i ee anne, St. Louis University 
TSG) Si) 1 7s a ee Peiping Union Medical College 
iReraroky saplnel .-_______- College of Physicians and Surgeons 
L244 VO art 1S SSE slats enna eee niece Presbyterian Hospital 

Cio Si Li \ es Milledgeville State Hospital, Georgia 
Dehli) bs bs re Rockefeller Foundation 
errreneee saree Dire Vanderbilt University 
SRL AT SE ee cs a ene Los Angeles, Calif. 
RE Columbia University 
Sepa pae ee ETE Vee Psychiatrie Institute, N. Y. City 
Siterepeteenenermer ee Par Rockefeller Institute, N. Y. City 
PES 21 5 LS 1 San Francisco, California 
Ee a Michigan Department of Health 
Pee University of Oregon 
Pinar 2 Temple University 
DEG | 80s Ee Institute for Juvenile Research, Chicago 
ee ee University of Minnesota 


CS eee University of Chicago 
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Lathrop «Gar in@ We cece ee a! eo ea ee University of Buffalo 
Datichin aE eres Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
Tgarice ns "eile riiiyawe ene vee wee es. 0s 8 RN ae ee Tulane University 
Jaea eC Sep ieee See Mee sods 5. University of California Medical School 
Treake rede wae ree enett: ose ye Hygienic Laboratory, Washington, D. C. 
Tees ell er dira cards l(© spammed 2 aie ah ae) LP eee eae ae See Augusta, Ga. 
Deere hired errcahs sree ne ee a ‘Columbia University 
Treen Elbo mi) ema ees 821 eee ek as eee Harvard University 
dbeiter; sau sweet. ie ee Be et ees University of Chicago 
NUe@Omamas HOe ore reste nk Bi er eae ee Burroughs Wellcome and Co. 
LeOna nar ns eaileees eel IPSS ele aot PIR a eal cth ae reels cei Union College 
Ie omandmiCatietns :i7 Pee occ.) os A ee ere ee Johns Hopkins University 
Wneventerala eA cman, 0 let tok neers Lee, eek Rockefeller Institute, N. Y. City 
Tneyanaalsa sicwme nes AF Nh ON Ns ect Re se New York City 
eviinerp Mica s She Rete Bee A RE ONS eee eel Iowa State College 
Weyimew Michael) .25nc.seectae tree ee Montefiore Hospital, N. Y. City 
Mevamelmesiulayy ies case 28 ort atl as ee ee nee University of Wisconsin 
Mevamen Samuel Zrevers ee veda he ees Cornell University Medical College 
The. vane Manse taien Ask hee a2 ee Cc oe ee ee au Creighton University 
Wewansor ys aumiere |! AUS 5 She) i cee elae a ee ae eee Cs eee University of Illinois 
Weve Milton ee ee ee ha Se a University and Bellevue Medical College 
Wevaypeltiobe niles 08 tiered o 8) oo. Se a Presbyterian Hospital, New York City 
Thewier Elowardii a ei: pie Ae et teres Sd a eee University of Michigan 
THO WILS) MEO betta Uh, cae te tls, a Le ee plete os go ea University of Colorado 
ALIS VSKEVII iB groan Coane ps aN Ne ee NOUS Ihnen ae 7 Cornell University 
A Uil) Ot CAO eS p aa at ree 20s ame arid ee yetunay earas (tv OR ANU tea ete Columbia University 
Trulear aura ke Ete edt eS via te eae an Ce, University of Chicago 
Walllre sabvall ply SS ace fe eet oe. ee eee ent iol obi sacs University of Chicago 
Tiina ee) Gee As ect, Grea res he tee Ae Peiping Union Medical College 
inmmicolo ent) 16s 5 ena a) ey ee Peiping Union Medical College, China 
Trndstrona il. Vite teeta Sen ee et eR See ene a ies Iowa State College 
Pamores clo nls Mink sess Sena eae Peiping Union Medical College, China 
Tnbom-aterchiard) Were, .e, Saeco id eure Sd sega «Le nk eels, cee Caleutta, India 
ep man sO hamleg (se eens co hls WE Be ns University of California 
A Sri eller (OU Olt Ee: CA Wek Siabn iene Sete Nees Goh ure meer pn een. Bar Harbor, Maine 
Mati SI AvORL ey 5S a cna Co sp mmnner Wn OS ned an Peiping Union Medical College 
TE Ce Naa BR ie es 2) 8d a NT NE ela St. Luke’s Hospital, Chicago 
TAGE ee sree EY SO AT 8a ee MIE AGS EL IRE Washington University 
Thoe bso bert Mise tek Situ ales ke os ey Presbyterian Hospital, N. Y. City 
Ioebelasntoberts @.2. tas. Sie) So ees aa Cornell University Med. College 
Toe knwarto Wii eles = er LO A OE ee babe pene University of Iowa 
TOM OIE HES Meer eee WRU yee oe eee i Leningrad, U.S. S. R. 
bray akegy | i Ns il aes eee ae UD eRe A) MORN rs est oe Pas University of Pennsylvania 
Thomann Sahm tomer he aM bt 2 Vee Henry Phipps Institute, Philadelphia 
ong Rerninwlls aeress Cetin es tls ee eee eae Johns Hopkins Hospital 
Thome cope i Wa Ty ee a eg 19 a Oana Johns Hopkins University 
Teo ney tes ari eamerees oS am ce hed ee Worcester State Hospital, Mass. 
Borenze WVinilldamae lh sae ils SE eee eee ee eee re University of Wisconsin 
Tucarsiee William Bee ties ae eae eee cone University of California Med. School 


Tomekeeetali Mlranenat ye sete BS AS cs Aa ee Qe cL ea Stanford University 
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(0 SE University of Pennsylvania 
SS SR ae a University of Chicago 
re tia bias asad cactus duststeaceesecdterencs nine Northwestern University 
Lund, I ee as fal cal se abc asatdatedaca cede University of Texas 
Ag Es Henry Phipps Institute, Philadelphia 
re St. Louis University 
Ao el Ss Ohio State University 
ibaaave.o; (Dibrs Sie) 5 a aR Rockefeller Institute, N. Y. City 
oS) ESAT et a University of Minnesota 
MecCann, Wu ert BS i A a University of Rochester 

PG CTOTIAG Tae HANCIS <n. oon ncc an sanccabecacetscscceses University of Minnesota 
BI AI 85a onecnnennn nnn ticnevnitvennieiensetdonesvandeceoe University of Iowa 
gi Ke Oro bisects 10 )). Ea en Johns Hopkins University 
iC aso 1S] os ee Ph a ee Washington University 
RCAC ny Oi nase Se ca NCE University of Rochester 
WAGE TIN ET 10 ie = hn re eee Cleveland Clinic Foundation 
VEEN GHG OAL ONE OI 2-058 oan acn sane Lnnenteemameter cesennecseent University of Pennsylvania 
BLEU onis VN (G): a ee University of Pittsburgh 
De sili, [Date DAS RE eee ER Parke, Davis Co. 
We) SEOShCe i215 nc Babies Hospital, N. Y. City 
IGE Iga VL ee Mary Imogene Bassett Hospital, Cooperstown 
NICAL LCF 1120 Eg ee i te Le eT Loyola University 
WRT ig) Nee, PTS 0S Se rr University of Southern California 
WULCISVRTI2 789 |S. George Washington University 
IOC es aye 11 CU SS Eee a University of Minnesota 
Ie Lecin. 1.8010 1 ORS eee nen i ee University of Chicago 
WieMnys cio 1D hs) 1 re Rockefeller Institute, N. Y. City 
We ilcnti.c) “U.N Ck ee nc a a Sees Pittsburgh Hospital 
ites ev eitit) 2 G62 ee ee eee ern aoe a University of Minnesota 
LWT, Re a eee Peiping Union Medical College, China 
MacDowell, E. Carlton..Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
LM Ep vce 10 1 2 2S A ae nee eee ee ee ae Johns Hopkins University 
UES 1S Le Scripps Metabolic Clinic, San Diego, Calif. 
Wi Rol etc (Ibe OE ALAS ae ee Ramen eran ees Columbia University 
eer id) Marischal College, Aberdeen, Scotland 
iagvensfio1. Vet Os N. Y. Post-Graduate Medical School 
IUCN STE (TIS C00 Ye 6 oe University of North Carolina 
Mackenzie, George M......... Mary Imogene Bassett Hosp., Cooperstown, N. Y. 
IN Naeem wenn enen nee cnn enna etnnnnrentennennecnneneratectamnatns Mayo Clinic 
IES Gray tc) OQ, 0 1 Es eee Iowa State Psychopathic Hospital 
CE ESS ene era a Michigan State College 
Rar ye inane enn nae ecen nen neennnene Boston City Hospital 
Maltaner, Wrank..-.-.....-...-...-------- N. Y¥. State Department of Health, Albany 
Mand elpAtttur R...-.3...2.2--.-------- N. Y. University and Bellevue Medical College 
Mann, Frank C............--.-.-------—--------------e-een ener M ayo Clinic 
Manmepbtnbentct 2002... s.+-.-:----- United States Veterans’ Hospital, N. Y. City 
Manville, Ira Albert........--.-.---------------0----1e-n ene University of Oregon 


Manwaring, W. H..........-.-.......-.--------Stanford University Medical School 
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Meine MD arylation aet et tn 2 a a Montefiore Hospital, N. Y. City 
M axk oii wuimoly sats ah eet h els, 5, Swen Os Ae Ae ei Toronto, Canada 
Wlatmiietetis Water eat ee a elo fect a da Rt ed Cornell Medical College 
TEST erat 3 ugh EC) ag: 1h le Sa ea DLR ef Oo St. Louis Children’s Hospital 
AES) ON ach Vl Pane 0s Cote SRO pe CSE Ss Shei OER IA Coe oa ko NS! x Gettysburg College 
iat lall pele en clirescrn gests Wii.) be oe Be eae Johns Hopkins University 
Miami ves Ues ens eres ae U2 ans bane ee University of California 
WAC auras DiI en SSO Sa NCR e MICELI CO NN Stanford University 
AIG vay KCNA Diag Ae day Ol ME Pe Ramee warperanesee eat de (2 oa Fa Be Vanderbilt University 
laste, weNcr tna tees ee the 2 ot ee ee een New York City 
Miata. auido phir 5628 so. lo ese eae eee BU ee oad New Orleans, La. 
a3 Deh esi gl WN oye ie pte as ei EE eet Fr aoe in State University of Iowa 
AVES y CES OTIS EEL on IS setae! tac aete see eae eR ee ee ey Tulane University 
EIVIf Saiyan ELT) pul ereetencs ee see, teh ccs cen See eee EL eae Cornell University 
Miealcins om evuh ina’ je ts!) Gai pire lla: aren mena ee rare McGill University 
Medesa Gece: teeny ik hss rn epee Lankenau Research Inst., Philadelphia 
WWE OE a Dynal Nia Valine Beare tani pesenee PNG eerste, Jee orks. WA ees eek ce Mt. McGregor, N. Y. 
Meek Wiser ali te i ececns te eh NA oie 2 ee eee ene cates sere University of Wisconsin 
Weorranl HMO TsO je riee eras orien aca ee festa ees Western Reserve University 
Meigs (heb ie, 0 erie eee Dairy Division Exp. Station, Beltsville, Md. 
NV Fey 25 hel th D pe earn ene Ane ena eee ey A ee eee a Presbyterian Hospital 
Te MiSs al pi By seth hee Ue SES Rae) SO ee tee ee Iowa State College 
Mietlony, (rvaliphy iic---tcceeese-e steer Western Pennsylvania Hospital, Pittsburgh 
Miendels bat ayvette: TB ssi 2-3 see ease coe areas eee eee ee nee Yale University 
WVBeitlciirate Vealliy eee t= ote ear ee teen eae eaten a reas ese eee ts Harvard Medical School 
Merttem,) Mia tid enlists. a tant meme meecet peer eee ene teas eee University of Pittsburgh 
MenvallerIseor sd eet ee it eee ere eat ce vate tee cod eaehotaee cane eate Tulane University 
IMietEIeT Me tacy: It see ete tare ee University of California Medical School 
Mever Adolph: © pssec oe er oe eee, pene ee Johns Hopkins University 
Meiers A He (i Ee ee a ee Pare eee Rockford, Illinois 
dU Ref sa opaW aNeN Vain Se Rca Se ds ered pe a Ae Stanford University Medical School 
IVDO 1ey VIR Wee aerate ener te aera eens University of California 
Michaelis, Menon te yee) es We Ot een eee eae een ts oon Rockefeller Institute 
Mv dVetory Wet a cease ac. tee cee cae eer eer University of Wisconsin 
(ELC AR, (OR; eR A cnr nem ee tin Boop ieee Meer, res IPs comme VCS UB ch F357 
HB Coy fab h ers ead lp RUM Rs ae pe Me Danes EL ener cee a or Cornell Medical College 
IMnMers Coy Pine gdelite staves te toca eet eerie crea University of Chicago 
IH BM Ves ghee Ope Gasol ieee ne Dy Beinn eee Pate Sip ork repartee caer tate Columbia University 
14 AS ul 6 Pa DS einen Neel A eet Re ae cere American University of Beirut, Syria 
EVENS eds Oe UY I fi opp ke Ah elie foot) Aa aa ea Rockefeller Foundation 
MM erir sy Ose po kes veces tesa cert ere teeters St. Luke’s Hospital, Chicago 
GAN (ere i Pop tates Vaal epee le Rp aes eras es en cc cecee meee eceece recrcc ech he New York City 
IER Clare COA ee cas cn vilareat eee hia cc ons Cincinnati General Hospital 
a Ga Copy LOY Ye ni s{o Nils iam Rete area er kpne ene rlonues nore hemet hese he Were eer Boston City Hospital 
AMUings aye lisse eee eee cae ee ree eee mee Aee Rockefeller Institute 
WIG) ered Da WG CeyateSRe eepe Pires eer nun cgerciceeech: Battle Creek Sanitarium 
Lcd ax OAS fie) & Dae PAR eaw ABE Basen opr renal st kane aoe Syracuse University 
Molbera, Wart (Gis sees tees Scripps Institute, La Jolla, California 
IN Foy fated Wha Sashes eee NPS eee eee rh im Dar eRe rr a careccier A ecprp. reer ceSrr Bangor, Maine 
Moon, DAS) ws epee Ae SN ee ER Ti ae op as OES re EP or eco Jefferson Medical College 
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a pesat ate tds masacndd Nb anseshcns University of Oregon 
EEE en University of Chicago 
ee University of Oregon 
TS Ce a a Cornell Medical College 
WlGorer nes oS een ee. University of Texas Medical School, Galveston 
EEE es eee University of California 
Ieee UN ESS es California Institute of Technology 
Morenlig Spreng). 222s... University of Nebraska College of Medicine 
OSE Ue ce Western Reserve University 
WSLS LS hg a cre eee E. R. Squibb and Sons 
a tl New Haven Hospital 
Lito i University of Rochester School of Medicine 
Wilotaruihl, [EON N. Y. Post-Graduate Medical School 
Nisdcon ps: i) eT Washington University School of Medicine 
WGhGG.. S21, oi, Sn ee University of Pennsylvania 
WIGS, Os Sak nee University of California 
Pere RON oe conn noe cnsnsddnceconnsnenneetoebenene Northwestern University 
Lol ot 2 5 SESE Seana ae 2S On ane Hamburg, Germany 
Muergiei. 3) 1S je a eee Harvard University 
TELE ig. NS ne nn eae Columbia University 
a i genni enporentensnetcnwn Boston City Hospital 
LOTL Ei, Li 0500701 Ro University of Texas 
IIAP Acie, 106 0720 ee ee Western Reserve University 
LST 0.21, 100 25 Sn University of Rochester 
DUNES, Le Scio cee en Rockefeller Institute 
TPT DT TE) eT 1 RS tt 8 ep Oe nee a a Boston, Mass. 
bt. po iris) ILS SS ea eer ese Se -eeee eneee eee Rutgers University 
Ronee Lo LR eR ISS eee sees ee ne eee Tulane University 
STEN, CUYD D SoS” NG 22 ne en Columbia University 
CUSygoS ED LivG 0) 13S eee Eee University of Oregon 
art, Gtr 0 a eee Western Reserve University 
Nathanson, LLAISLS: 12 ee ee eee ee ke eee University of Minnesota 

Jeb 0), DL Se eee re University of Chicago 
isfy es Le: 3a University of Illinois Medical School 
IOP GS ESS LD a University of Michigan 
I eee nnn nem Rutgers University 
Sr ee Iowa State College 
Tgp sc LE) ee se een een New York University 
SS a eee enn eee University of Michigan 
DOR USS 2 ee Peiping Union Medical College, China 
Tt sna naan nana Ohio State University 
Nicholas, J. S._.-..----------2-----------0-cce-coceotenceeneeceeeeeeneestacectececsenteceanes Yale University 
Diemer + ----- Cornell University Medical College 
Nichols, M$... University of Wisconsin 
gel es (09 Se Abbott Laboratories, Chicago 
Niles, Walter L...:..............-...----..------------------ Cornell University Medical College 
Noble, G. Kingsley, Jr.....-.-...----.------------ American Museum of Natural History 
WoblenWy i Metropolitan Life Insurance Co. 


Norris, Chafles -.-------------------------- 0-2 nnn nnnennne New York City 
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gD eT Rs = Bt CS] dc ane ee Vetter EM University of Washington 
Northroy, Wobnriiete. ee ete Rockefeller Institute, Princeton, N. J. 
NG TOG Wee ence th Sb ack sac cincecnt cows Upjohn Co., Kalamazoo, Mich. 
Nowy; ipedardak 16h exec oe he A a ee University of Michigan 
Nuargesten We Jaen enn kes Northwestern University Medieal School 
a Ned igs ASSES BERNA 2d ee ate eee Ree MEM RoW FOnNS. 5) Boston City Hospital 
(breshkeve, ETE Ste Oe eed eRe Hemet RENEE ate! St. Stephen’s College 

fo Can a, CET. Pee ee EER eRe CURE OP eR ee Tulane University 
GPU GRRG fe hes od. Gees cc een keer eae MeGill University 
ONC N54 Tents py GE ca eaee eae Area ee eReeee irs | proce Aten at University of California 
Oldpergs Mirians Ns Pe LOE See Bee University of Illinois Medieal School 
QBS ys Reber Na A en RN eS oe Rockefeller Institute, N. Y. City 
COVER SIC ans SSE ERLE deo te Ry Long Island College, Brooklyn 
Olmstead) "Mariam Poole oe Presbyterian Hospital, N. Y. City 
Oinistead, Wis Silo e e Washington University 
NUT STOG SSS IS ID a aes Ok ee RE Re RS. University of California 
pie, Mugane ic ee a eee Cornell University Medical College 
Oppenheimer By Sid ake ok Sk eee eee Columbia University 
Ormiston, | Georges Givin occc ce norsrse erect Columbia University 
GBoOOd), He A ee ere te University of Oregon Medical School 
Ostend) WRI o oe ehh Ni Be SA oe see ear eae eae Los Angeles, Calif. 
Osterbout, WardeO Veet eas etn tease ee Rockefeller Institute 
Otte BOND, Rs A ee a Mt. Sinai Hospital, N. Y. City 
Oven. AS ee ee New York University and Bellevue Medical College 
Qughtersors! AW ssc Re eee ee Sehr RRS eee Yale University 
Peck, George, Tick Noe chee ements Memorial Hospital, N. Y. City 

PankardisGharles <2: 4 eS ee Columbia University 
IPab Ge Trvink Wee ar ee ee a oe Rockefeller Institute, N. Y. City 
Pak Chubyungl sc Se fee Lester Institute of Medieal Research, Shanghai 
Hg Ero ratg Biche h me riee cereee.< cee Ran ee Re ae eg cites arrest University of Minnesota 
PSPC WE Tee RE Re a tee ee ee eee University of Chicago 
Peilimery Wiss Wie ene cee nee Presbyterian Hospital, N. Y. City 
Papanicolaou, George N..............-cceeeseeeeeeees Cornell University Medical College 
PB WEN MOIICT, PAN soos Se aa RT ee ee Columbia University 
edhe che aap: Wella = Lak Yee ekee U ey eee NER Wen Suan Gert Rodgers Forge, Maryland 
arin Walters Fl ates 3 stot ae Department of Health, New York City 
Ranker t Georges reek SA eee eee eee Harvard University 
1d ale UR teh ea eee Re rete eee eeciseee es WEL te George Washington University 
PRTSONS, | ELOLeT NTS. cosets, Ace eee OAS GRR ce University of Wisconsin 
PORT ORIG WIS | A ee he Oe ees eh ies 3 ee Rockefeller Institute 
PEBDIS UAV IOONG ic.cop.ccer enacts eeecrett rece ete Johns Hopkins University 
Pearse, orman Bi. 882 ik hn cktnretentamonae University of Rochester 
PGRSG Var Sp all Ook Ree od eer N. Y. Post-Graduate Medical School 
Peblinis Himilheenack Ae N. Y. University and Bellevue Medical College 
Pemberton, Foal p Wc. ses ct -csccsscesscsaceosrcveessnssaeen Memorial Hospital, Abington, Pa. 
Penfield, Wilder: Gee eA pe ecm eS MeGill University 
Pepper, Oy He Pertya sete tnwaeanien University of Pennsylvania 


POPs David acces ak scceet am sieadceeten angie Montefiore Hospital, N. Y. City 
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Porlawer, Wiliam A. = Ck University 
Permar, Howard HCCC Merey Hospital, Pittsburgh 
amen mrmennney eee pe eS Cleveland,  Olto 
Ee EE eee Yale University 
Peer We CU niversity of Minnesota 
Petroff, S. A. ST rdean Foundation, Trudean, N. Y. 
Pfeiffer, J. A. Fo CCC ohn Hopkins University 
Pfiffner, J. J A Peeoton University 
Pua eC niversity of Chicago 
0 ra University of Rochester 
Pilot, LE Cine of Ilinois Med. School 
Pinkerton, Henry _. CCC CA aarvard Medical School 
Pinner, Max Desert Sanitarinm, Tueson, Arizona 
eer ee ee University of Towa 
CE, Se ee University of Iowa 
ree Pasteur Institute,’ Paris 
Pohiman, Augustus G_----»_>>> SS Creeighiion Dureenaty 
Walia Northwestern University 
Pender, Erie puree Ee ee ew ork University 
Powell, H. =a Lilly and Co. 
emenueereemr es 2 Valle University 
meee FO Boston University 
ee var University 


Prewitt, Proviso__________.N. Y. University and Bellevue Medical College 
Jo oe ee ee _..Chieago, Illinois 
Pa eC artford Hospital, Conn. 
ure Rants Clara, Calif 
Puestow, C. BL_____ University of Illinois Medieal School 


mick, Armand J________.__..____Fifth Avenue Hospital, New York City 


Quigley, J. P _____....._-..__--... Western Reserve Medieal School 
Gumby, W.C_  CCCiP eter Bent Brigham Hospital 
Quinn, Edmond John. >_> Rok ville Center, N. Y. 


Rees SS eee University of Chicago 

Raiziss, George W._Researeh Inst. of Cutaneous Medicine, Philadelphia 
Ee Rockefeller Institute 
Rakestraw, Norris Wt SSSCSCStStCBrownn. University 
Ralli, Elaine P___________..__.N. Y. University and Bellevne Medieal College 
tea Wo Northwestern University 
Rapport, David__.___.......__.____Tufts College Medieal Sehool 
Rasmussen, A. T.-C niversiity of Minnesota 
N. Y. University and Bellevue Medical College 
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Ray. Henry M_______________South Side Hospital, Pittsburgh 


Reichert, F-. ee setae University 
Raa, 2. SCS stern Reserve University 


1288 Mempsers’ List (ALPHABETICAL) 
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Richey ee Wayne. Gis ones SL ce See ee University of Pittsburgh 
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Robinson: Gy Canby 25 et ee Cornell University Medical College 
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Rohdenburs, Gearce Ee. Lenox Hill Hospital, N. Y. City 
Romanoff: A lexis Wit 00 Oe x ie Cornell University 
Ronzouit, Wihiel, 23.211 2.2 se os eS Washington University 
RaGk: WES i ic346 ee ee Se eS cee eee Syracuse University 
Rosabn; Rank D2 ee ee Rockefeller Institute 
Rese Anton Reo. 2e ete a: Prudential Life Insurance Co., Newark, N. J. 
Rose, Mary Swarts se eee Columbia University 
Rose William (Ox sexed: ob See ee University of Illinois 
Rasenow, (Wii (Cs. ae sa EE eee Mayo Foundation 
Rosenthal, Lazdin.ots5 eee ees United Israel-Zion Hospital, Brooklyn 
Ross; VWactons sels eee es TS ee Department of Health, N. Y. City 
Roth, Georve B23 ee ee ee George Washington University 
Rothsebild + MiA oy tee ee ee pe Mt. Sinai Hospital, N. Y. City 
Rous, Peyton. 225-2375 ee ee Rockefeller Institute 
Riowe; A Beary) Wye stes oR Sey 5 oo Re ee a ee Boston University 
Rrmssell Vien a es eee cee N. J. Agricultural Experiment Station 
Sabin, Hlorences Tp 25 4: ee i eee Rockefeller Institute 

Sabyin,*Mebyille 2428s eee Stanford University 
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Salvesén, Harold! Ac!3 1.2'5) se ee Rikshospitalet, Oslo, Norway 
Sammnels, tPA hae tee a White Memorial Hospital, Los Angeles 
Sandberg g Maas Bote aE Ae ee Se eee ea eee Montefiore Hospital 
Sanford, LAAs 2 ss a ee ee Mayo Clinie 
Sancti, Weise aa) Sie en tie ee Santa Barbara Cottage Hospital 
Sawyers We Ani Dee ee Rockefeller Foundation 
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Se iis SIGs (CN OR College of Physicians and Surgeons 
SORE eigse NUL 1S Ly pee en University of Wisconsin 
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Sai, La Ok eee eo en cee ee momen Columbia University 
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Clb vet (Cite Le ae RIS a a lee eee eee reece Fordham University 
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ES en elec University of Detroit 
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ce Rockefeller Institute, Princeton, N. J. 
Shwartzman, Gregory. -.........-.--.------n--------ennennne eens eee Mt. Sinai Hospital 
er Os SE ee Peiping Union Medical College 
Sickles, Grace M..2...........--..--------+-------------4 N. Y. State Department of Health 
Cri GG 2) 002 rey 1 Ses caNe neee reo ce cee CR Tulane University 
Simmons, Major James S.............---- Army Medical School, Washington, D. C. 
Simonds, J. Pun-..2.----------------c-eeneeeneneeececeenenenteneteesenenenees Northwestern University 
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ee Loyola University Medical School 
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Vg) i Us a Eso State University of Iowa 
Witenaoaun. nS 40 CS A ae ere tee University of Wisconsin 
aiereen rr Rte, Columbia University 
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Honorary Members 


Councilman, W. T., Harvard University. 
Halliburton, W. D., London, England. 
Howell, W. H., Johns Hopkins University. 
Lombard, Warren P., University of Michigan. 
Porter, William, Harvard University. 
Reichert, E. T., University of Pennsylvania. 
Richet, Charles, Paris, France. 

Schaffer, E. S., Edinburgh, Scotland. 

Von Miiller, F., Munich, Germany. 

Wilson, EK. B., Columbia University. 


New York Society 


Greater New York 


Carnegie Institute—Davenport C. B., Laughlin H. H., MacDowell E. C., 
Riddle O. 


College of the City of New York—Dawson J. A., Goldforb A. J., Har- 
row B. 


Columbia University—Barth L. G., Calkins G. N., Coulter C. B., Dunn, 
L. C., Eddy W. H., Freeman R. G., Jr., Gregory L. H., Heft H. L., Lance- 
field D. E., MacLeod G., Packard C., Sherman H. C., Rose M. S., Woglom 
W. H., Wood F. C. 


Columbia University, College of Physicians and Surgeons and Allied 
Hospitals—Anderson D. H., Atchley D. W., Barach A. L., Bauman L., Berg, 
B. N., Boots R. H., Clarke H. T., Copenhaver W. M., Detwiler S. R., Dochez 
A. R., Draper G., Elsberg C. A., Engle E. T., Flinn F. B., Foster G. L., Gay 
F. P., Geyelin H. R., Gies W. J., Hanger F. M., Jr., Heidelberger M., Hol- 
lander F., Hopkins J. G., Jobling J. W., Jungeblut C., Kesten H. D., 
Kurzrok R., Ladd W. S., Lee F. S., Levy R. L., Lieb C. C., Loeb R. F., 
McIntosh R., Meleney F. L., Miller E. G., Jr., Mulinos M. G., Myers C. N., 
Olmstead M. P., Oppenheimer B. S., Ornstein G. G., Palmer W. W., Pappen- 
heimer A. M., Richter M., Scott E. L., Seegal B. C. Severinghaus A. E., Sit- 
enfield M. J., Smetana H., Smith P. A., Sperry W., Thomas A. W., Victor 

'J., Webster J. P., Weiss H., Weld J. T., West R., Williams B. B., Woll- 
stein M., Zucker T. F. 


Cornell University Medical College—Bagg H. J., Behre J. A., Benedict 
S. R., Blau N., Cattell M., Cecil R. L., Chambers W. H., DuBois E. F., Ed- 
wards D. fe Elser W. d.; Ewing Jy Freund J., Fry H. a Furth J., Gold ED; 
Hatcher R. rv Jackson R. W., Kahn M. C Levine S. Z., Loebel R. O., Mar. 
morsten J., Miles W. ve Milhorat A. di Moore R. Aa, Nicholls E. E., Opie 
HK. L., Papanicolaou G. Na Reznikoff P., j Richardson H. B., Robinson ‘G. C., 
Schloss O. M., Smith C. Smith L. , Stainsby W. s° Stewart H. J., 
Stillman R. G., Stockard Ma. R., Sweat i E., Thro W. C., Torrey J. C., 
Webster B. 
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Montefiore Hospital—Baumann E. J., Levine M., Marine D., Perla D., 
Ringer A. I., Ringer M., Sandberg M. 


Mt. Sinai Hospital—Baehr G., Crohn B. B., Epstein A. A., Frank R. 
T., Gross L., Kohn J. L., Ottenberg R., Rothschild M. A., Schick B., Shwartz- 
man G., Sobotka, H. H. 


New York Homeopathic Medical College—Allen, Ezra, Coombs H. C., 
Danzer C. S., Kleiner I. S., Stark M. B., Tauber H., Thoraldsen C. E., You- 
land W. E. 


New York University and Bellevue Medical College—Bakwin H., Barber 
W. H., Bodo R., Brooks H., Cannan R. K., Chambers R., Charipper H. A., 
Coleman W., DeGraff A. C., Hisberg H. B., Gettler A. O., Greenwald L., 
Haterius H. O., Helff O. M., Howland R. B., Jolliffe N. H., Levy M., Mandel 
A. R., Neuwirth I., Noble W. C., Jr., Otto H. L., Park W. H., Pellini EK. J., 
Ponder E., Prewitt P. V., Ralli E. P., Ratner B., Senior H. D., Smith H. W., 
Stunkard H. W., Symmers D., Wallace G. B. 


New York Post-Graduate Medical School—Bailey C. V., Cohn M., Chace 
A. F., Crampton C. W., Halsey R. H., Kast L., Katayama I., Killian J. A., 
MacNeal W. J., Mosenthal H. O., Marshall C., Jr. 


{ 
Princeton University—Conklin E. G., Harvey E. N., Jones F. S., Pfiffner 
J. J., Smith T., Swingle W. W. 


Rockefeller Institute—Amoss H. L., Anson M. L., Avery O. T., Binger 
C. A. L., Brown W. H., Casey A. E., Cohn A. E., Cole R., Flexner S., Flor- 
ence L., Goodner K., Hughes T. P., Irwin M., Jacobs W. A., Kunitz M., 
Landsteiner K., Levene P. A., Lynch C. J., MacMaster P. D., Michaelis L., 
Mirsky A. E., Murphy J. B., Murray H. A., Jr., Northrop J. H., Olitsky P. 
K., Osterhout W. J. V., Page I. H., Pearce L., Rake G. W., Rhoads C. P., 
Rivers T. M., Rosahn P. D., Rous P., Sabin F. R., Shope R. E., Smithburn K. 
C., Swift H. F., Ten Broeck C., VanSlyke D. D., Webster L. T., Wyckoff 
SW 


Rutgers University—Anderson J. F., Cole W. H., Murray T. J., Nelson 
T. C., Starkey R. L., Waksman S. A. 


Yale University—Allen E., Anderson R. J., Anderson W. E., Baitsell G. 
A., Barbour H. G., Bayne-Jones S., Blake HE. G., Block R. J., Burr H. S., 
Chittenden R. H., Cowgill G. R., Cushing H. W., Dusser de Barenne J. G., 
Fulton J. F., Harrison R. G., Harvey S. C., Himwich H. E., Hussey R.., 
Johnson T. B., Mendel L. B., Miles W. R., Morse A., Nicholas J. 8., Oughter- 
son A. W., Peters J. P., Powers G. F., Rettger L. F., Smith A. H., Stone 
L. S., Woodruff L. L., Winslow C.-E. A., Winternitz M. C., Yerkes R. M., 
Yudkin A. M., Zimmerman H. M. 


Miscellaneous—Baldwin W. M., Bauer J. H., Blair J. E., Blakeslee A. F., 
Blatherwick N. R., Berg W. N., Bernhard A., Bodansky A., Brand E., Brodie 
M., Brown R., Bullowa J. G. M., Byrne J., Cheney R. H., Clark G. W., Coca 
A. F., Collens W. S., Curtis M. R., Dakin H. D., Dresbach M., Dubin H. E., 
Eggston A. A., Falk K. G., Famulener L. W., Ferraro A., Field C. W., Fish- 
berg E. H., Frankel F. H., Freedman L., Gager C. S., Garbat A. L., Gard- 
ner L. U., Gasser H. S., Goldberg S. A., Goldbloom A. A., Greene C. H., 
Harris I. F., Harris R. G., Hawk P. B., Henshaw P. S., Hooper C. W., 
Huntoon F. M., Jacobsen V. C., Jaffe H. L., Kirkbride M. B., Knudson A., 
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Koch M. O., Kopeloff N., Kramer B., Kramer S. D., Krasnow F., Kugelmass 
IL. N., Lambert R. A., Landis C., Leonard C. S., Leonard S. L., Levin L, 
Melver M. A., Mackenzie G. M., Maltaner F., Mann H., Master A. M.,, 
Medlar E. M., Meigs E. B., Millet J. A. P., Morrell J. A., Noble G. K., Jr., 
Nerris C., Obreshkove V., Oliver J., Pack G. T., Petroff S. A., Prince A. L., 
Quick A. J., Quinn E. J., Ray G. B., Reiner - Rizzolo A., Rohdenburg G. 
L., Rose A. R, Rosenthal. L:, Ross ve Roth G. B., Russell W. C., Salant W., 
Sawyer W. A Schneider E. C., Schultz W. H., Seecof D., Sharlit H., Sher- 
win C. P., Sickles G. M., Smith C. A., Sugiura K,, Tolstoi E., Vickery H. B., 
Vogel K. M., Wadsworth A. B., Walzer M., Wheeler M. W., Williams R. R. 


Outside Greater New York 
Alabama—Carmichael E. B., Keller A. D. 


Arizona—Pinner M. 
Arkansas—Sure B. 
Colorado—Corper H. J., Gustavson R. G., Wall I. E. 


District of Columbia—Braham S. E., Csonka F. A., DeEds F., Evans A. 
C., Falk I. S., Hansmann G. H., Hawkins J. A., Holm G. E., Howe P. E., 
Koppanyi r., "Leake J. P., MeKinley E. B., Parr LW. Schwartz B., Sim. 
mons J. S., St. John J. HH. Stucky C. J., Sullivan M. oe ’ Verder E. 


Georgia—Lamar R. V., Lee F. C. 


Indiana—Bills C. E., Chen K. K., Clowes G. H. A., Corley R. C., Powell 
HM. 


Kentucky—Beuiner R., Brown L. A., Wakerlin G. E. 
Maine—Liitle C. C., Morse T. S. 


Maryland—Johns Hopkins University—Abel J. J., Brown J. H., Buell 
Mary V., Burky E. L., Carter E. P., Cohen B., Ellsworth R. M., Firor W. M., 
Geiling E. M. K., Harrop G. A., Holt L. E., Jr., Jennings H. S., Jensen H. 
F., Katzenelbogen S., Leonard Vv. Long P. HL, ‘Longeope W. T., McCollum 
E Vv, Maeht D. L., Marshall E. ke Jr., Meyer A., Pearl R., Pfeiffer J. 1.2 
Shelling D. H., Snyder F, F. 


Miscellaneous—Byerly T. C., Figge F. H. J., Frobisher M., Jr., Krantz 
J. C., Jr., Park E. A., Ublenhuth E. 


Massachusetts—Boston City Hospital—Keefer C. S., Mallory F. B., 
Maller G. L., Nye R. N., Minot G. R., Weiss S. 


Harvard University—Aub J. C., Blackfan K. D., Cannon W. B., Chris- 
tian H. A., Crozier W. J., Cutler E. C., Ferry R. M., Fitz R., Gamble J. L., 
Haunt R., Jackson H., Jr., Lee M. O., Menkin Ve Mueller J. H., Parker G. 
H., Pinkerton H., Pratt J. H., Quinby W. C., Shear M. J., Stiles P. G., 
Strong R. P,, Tyzzer E. E., Warren S., Wheeler W. M, Wolbach S. B., 
Zinsser H. 


Miscellaneous—Adams args H. L., Derick C. L., Dienes L., 
Forbes H., Gilligan D. Glace O. C., Hooker S. B., Joslin E. P., Looney 
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J. M., Murphy W. P., Pratt F. H., Rapport D., Robinson E. S., Rowe A. W., 
Schlesinger M. J., Shohl As Smith M., Thatcher R. W., Williams J. W: 


Michigan—Universtty of Michigan—Bunting R. W., Chidester F. E., 
Christman A. A., Cowie D. M., Eckstein H. C., Edmunds ©. W., Gesell R., 
Huber G. C., Isaacs R., Kahn R. L., Lewis H. % Nelson E. E. , Neves 
a? pee F. Gay Roseboom B. Be Soule M. E., Sturgis C. C., Weller C. V 

ilson 


Miscellaneous—Fine W. S., Gaebler O. H., Hadley P., Kamm O., Larkum 
N. W., McGinty D. A., Mallman W. L., Mitchell H. S., Norton J. F., Shiple 
G. J., Turner R. G., Willis H. S., Young C. C. 


Nebraska—Guenther A. E., Levine V. E., Morgulis S., Pohlman A. G., 
Wilhelmj C. J., Wible C. L. 


North Carolina—MacNider W. deB., Perlzweig W. A., Swett F. H. 


Ohio—University of Cincinnati—Fisher M. H., Jackson D. E., Mills C. 
A., Shiro T. 


Ohio State University—Brown J. B., Curtis G. M., Doan C. A., Durrant 
E. P., Hitchcock F. A., Lyman J. F., Nice L. B., Wiseman B. K. 


Miscellaneous—Cullen G. E., Peskind §S., Steinberg B., Wang C. C., 
Wearn J. T. 


Oklahoma—Everett M. R. 


Oregon—University of Oregon—Allen W. F., Burget G. E., Hunter W. 
C., Larsell O., Manville F. A., Moore A. R., Moore M. M., Myers H. B., 
Osgood E. E., Sears H. J., Williams R. J., Wulzen R. 


Pennsylvania—University of Pennsylvania—Abbott A. C., Aronson J. 
D., Austin J. H., Bazett H. C., Bronk D. W., DeRenyi G. S., Drabkin D. L., 
Goldschmidt S., Heilbrunn L. V., Jacobs M. H., Jonas L., Kolmer J. A., 
Krumbhaar E. B., Long C. N. H., Long E. R., Lucke B., Lurie M. B., Me- 
Cutcheon M., Mudd S., Pepper O. H. P., Raiziss G. W., Reimann §S. P., 
Richards A. N., Schmidt C. F., Wilson D. W. 


University of Pittsburgh—Donaldson J. C., Guthrie C. G., Haythorn 
S., Hooker D., Kruse T. K., McEllroy W. S., McMeans J. M., Menten M. L., 
Permar H. H., Ray H. M., Richey D. G. 


Miscellaneous—Bergey D. H., Coghill G. E., Collins H. H., Donaldson 
H. H., Dutcher R. A., Githens T. S., Gruber C. M., Hafkesbring H. R., Hoff- 
mann G. L., King H. D., Larson E., Marsh R. P., Medes G., Mellon R. R.., 
Moon V. H., Pemberton R., Seibert F. B., Spiegel E., Thomas J. E., Zozaya J. 


Rhode Island—Banta A. M., Rakestraw N. W. 


Tennessee—Amberson W. R., Blalock A., Burch J. C., Cunningham R. 
S., Garrey W. E., Johlin J. M., Knoefel P. K., Lamson P. D., Mason R. E., 
Robinson C. §., Terry B. T., Wolfe J. M. 


Texas—Bodansky M., Dawson W. T., Hartman C., Hendrix B. M., Herr- 
mann G. R., Lund E. J., Moore R. M., Muller H. J., Reed C. I, Rogers F. 
T., Wiebe A. H. 
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Utah—Johnson C. C. 

Virginia—Cash J. R., Horsley J. §., Jordan H. E. 
Washington—Guberlet J. E., Norris E. R. 

West Virginia—Van Liere HE. J. 


Sections 


Cleveland, O., Section 


Western Reserve University—Barlow O., Beck C. S., Bing F. C., Collett 
M. E., Crile G. W., Doull J. A., Ecker E. E., Ernstene A. C., Feil H., Freed- 
lander S. O., Gerstenberger H. J., Goldblatt H., Hayman J. M., Jr., Karsner 
H. T., Kline B. §., McCullagh D. R., Megrail E., Moritz A. R., Muntwyler E., 
Myers V. C., Quigley J. P., Reichle H. 8., Rogoff J., Scott R. W., Shibley G. 
S., Sollmann T., Stevens H. C., Todd T. W., Toomey J. A., Trattner H. R., 
Visscher J. P., Von Oettingen W. F., Wetzel N. C., Wiggers C. J. 


Miscellaneous—Dominguez R. 


Illinois Section 


University of Chicago—Adams W. E., Andrews E., Barron E. S. G., 
Bloch R. G., Bloom W., Boor A. K., Cannon P. Re, Carlson A. J., Child C. 
M., Dack G. M., Dieckmann W. re Dragstedt i. R., Friedemann Ee Th. 
Gerard R. W., Hamburger W. W., Hanke M. K., Hastings ALB. Hinrichs 
M. A., Hudson N. P., Johnson C. A., Jordan E. O., Kleitman N., Koch F. C., 
Koser 8. A., Lashley K. S., Leiter L., Lilie F. R., Lillie R. S., Luckhardt 
A. B., McLean F., Miller C. P., Jr., Moore C. R., Necheles H., Palmer W. 
L., Ragins I. K., Robertson O. H., Schlutz F. W., Still E. U., Swanson W. 
W., Sweany H. C 


University of Illinois—Arnold L., Bachem A., Bergeim O., du Vigneaud 
V., Falls F. H., Gellhorn E., Herrold R. D., Jaffe R. H., Keeton R. W., Lev- 
inson §. A., Nedzel A. J., Oldberg E., Phemister D. B., Pilot I., Puestow C. 
B., Reed C. I., Rose W. C., Tanner F. W., Visscher M. B., Welker W. H. 


Northwestern University—Alt H. L., Crandall L. A., Jr., Davenport H. 
A., Day A. A., Dragstedt C. A., Farmer C., Gunn F. D., Ivy A. C., Jung F. 
T., Kendall A. I., Lueth H. C., Muehlberger C. W., Nungester W. J., Pollock 
L. F., Ranson 8. W., Simonds J. P., Starr M. P., Strouse S., Walker A. W., 
Weil A. 


Miscellaneous—Albus W. R., Austin W. C., Boyd T. E., Buchbinder W. 
C., Davis D. J., Downs W. G., Fisher N. F., Givens M. H., Hamilton B. K., 
Hoffman W. S., Howell K. M,, Katz L. N., law 13 (3 Kober i tonge ater Kunde 
M. M., Larson S A., Locke A. ips McJunkin F. A, Meyer A. E., Miller J. 
Tae; Nielsen C., Pribram K., Schultz O. T., Sheinin J. oh Soskin S., Thal- 
himer W., Tunnicliff RB; , Tweedy W.R., Weiss E. 


Iowa Section 


State University of Iowa—Baldridge C. W., Bodine J. H., Daniels A. 
L., Gibson R. B., Gross E. G., Hines H. M., Jeans P. C., Korns H. M., Loeh- 
wing W. F., McClintock J. T., Malamud W., Mattill H. A., Plant O. H., 
Plass H. D., Smith F. M., Smith H. P., Travis L. E., Tuttle W. W., Witschi E. 


Iowa State College—Becker E. R., Buchanan R. E., Fulmer E. I., Ham- 
mer B. W., Levine M., Lindstrom E. W,, Melhus I. E., ” Nelson V. E. Smith 
Hi; AG; Werknian Ce ae Yeager J. F. 
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Minnesota Section 


University of Minnesota—Amberg S., Anderson J. E., Bieter R. N., 
Bollman J. L., Boothby W. W., Boyden E. A., Brown E. D., Clawson B. J., 
Dunn H. L., Fahr G., Fitch C. P., Gortner R. A., Green R. G., Greisheimer 
E., Henrici A. T., Hirschfelder A. D., Jackson C. M., Kendall E. C., Lar- 
son W. P., Lyon E. P., McClendon J. F., MeKinley J. C., McQuarrie I., 
Nathanson M. H., Palmer L. S., Petersen W. E., Rasmussen A. T., Reimann 
H., Rosenow E. C., Sanford A. H., Seammon R. E., Scott F. H., Skinner 
C. E., Stakman E. C., Stenstrom W., Wangensteen O. H., Wright H. N. 


Miscellaneous—Alvarez W. C., Benton A. G., Essex H. E., Helmholz H. 
F., Higgins G. M.,; Henshaw H. C., Magath T. B., Mann F. C., Sheard C., 
Terry B. T. 


Missouri Section 


St. Louis University—Auer J., Briggs A. P., Broun G. O., Collier W. 
D., Doisy E. A., Fleisher M. 8., Graves W. W., Griffith W. H., Hertzman 
A. B., Kinsella R. A., Kuntz A., Luyet B. J., Shaklee A. O. 


Washington University—Alexander H. L., Barr D. P., Bishop G. H., 
Bronfenbrenner J., Bulger H. A., Cooke J. V., Cori C. F., Cowdry E. V., 
Erlanger J., Gilson A. S., Jr., Graham E. A., Graham H. T., Heinbecker P., 
Julianelle L. A., Key J. A., Loeb L., MeCordock H. O., Marriott M., Mucken- 
fuss R. S., Olmstead W. H., Ronzoni E., Schmitt F. O., Seott G. H., Shaffer 
P. A., Wenner W. F., West E. S., White H. L. 


Miscellaneous—Ellis M. M., Gray S. H., Jorstad L. H., Somogyi M. 


Pacific Coast Section 


University of California—Althausen T. L., Anderson H. H., Bishop K. 
S., Blum H. F., Brooks M. M., Brooks 8S. C., Chaikoff I. L., Cole H. H., Con- 
nor C. L., Cook S. F., Daniel J. F., Evans H. M., Greenberg D. N., Hart 
G. H., Hinman F., Hobmaier M., Holmes S. J., Kellogg W. H., Kerr W. J., 
Kleiber M., Kofoid C. A., Krueger A. P., Leake C. D., Lipman C. B., Lucas 
W. P., Marshall M. S., Mettier S. R., Meyer K. F., Morgan A. F., Mudge 
C. S., Okey R. E., Olmsted J. M. D., Salle A. J., Schmidt C. L. A., Sommer 
H., Sundstroem E. E., Walker E. L. 


Stanford University—Addis T., Alsberg C. L., Barnett G. D., Baum- 
berger J. P., Blinks L. R., Bloomfield A. L., Clifton C. E., Danforth C. H., 
Dickson E. C., Dock W., Emge L. A., Faber H. K., Field J., Fluhmann C. F., 
Hanzlik P. J., Hinsey J. C., Holman E., Hurwitz S. H., Luck J. M., Man- 
waring W. H., Martin E. G., Meyer A. W., Read J. M., Reichert F. L., 
Sahyun M., Schultz E. W., Stockton A. B., Stone C. P., Storey T., Tainter 
M. L., Torrey H. B., Weymouth F. W., Whitaker D. M. 


Miscellaneous—Adler H. M., Eberson F., Koehler A. E., Langstroth L., 
Oslund R. M., Proescher F., Sansum W. D., Weiss C. 


Peiping Section 


Peiping Union Medical College—Adolph W. H., Carruthers A., Chang 
H. C., Chang H., Dieuaide F. R., Forkner C. E., Fortuyn A. B. D., Frazier 
C. N., Guy Ruth A., Hannon R. R., Hoeppli R. J. C., Kurotehkin T. J., Lim 
C. E., Lim R. K., Ling S. M., Liu S., Ma, W. C., Ni T., Sia R. H. P., Tsen 
E. T. H., Van Allen C. M., VanDyke H. B., Wu H. 


Miscellaneous—Cheer S. N., Hou H., Pak C., Read B. E., Smyly H. J. 
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Southern Section 


Tulane University—Bass C. C., Bliss S., Cohn I., Craig C. F., Cummins 
H., Duval C. W., Faust E. C., Gage I. M., Gould H. N., Halsey J. T., Harris 
W. H., Hathaway E. S., Johns F. M., Laurens H., Mayerson H. S., Matas R., 
Menville L. J., Musser J. H., Jr., Ochsner E. W. A., Seott L. C., Silverman 
D. N., Turner R. H., Von Meysenbug L., Walton R. P. 


Miscellaneous—Ashman R., Beard H. H., Bodansky M., Brooks C., Daw- 
son W. T., Herrmann G. R., Kemp H., Moore R. M., Schwartz B., Von 
Haam E. 


Southern California Section 


University of California at Los Angeles—Allen B. M., Ball G. H., Beck- 
with T. D., Bellamy A. W., Dunn M. S., Gengerelli J. A., Sponsler O. L., 
Young W. G. 

University of Southern California—Deuel H. J., Drury D. R., Hall E. 
M., Kessel J. F., Lamson R. W., McKibben P. S., Thienes C. H. 


Miscellaneows—Alles G. A., Borsook H., Burrows M. T., Gilchrist F. G., 
MacKay E. M., Moberg E. G., Morgan T. H., Samuels L. T., Vaughan T. W., 
ZoBell C. E. 


Western New York Section 


University of Buffalo—Atwell W. J., Bowen B. D., Dolley W. L., Jr., 
Edwards J. G., Emery F. E., Griffith F. R., Hartman F. A., Humphrey R. 
R., Lathrop C. O., Vaughan S. L., Williams H. U. 


Cornell University—Asdell S. A., Dukes H. H., Dye J. A., Hagan W. A., 
Hayden C. E., Liddell H. S., Maynard L. A., Romanoff A. L., Sharp P. F., 
Sherman J. M., Stark C. N., Sumner J. B. 


University of Rochester—Adolph E. F., Berry G. P., Bloor W. R., Burns 
R. K., Jr., Claussen S. W., Corner G. W., Fenn W. O., McCann W. S., 
McCoy O. R., Morton J. J., Murlin J. R., Pearse H. E., Pierce H. B., Scott 
W. J. M., Sinclair R. G., Whipple G. H., Willier B. H. 


Syracuse University—Brewer R. K., Dooley M. S., Knowlton F. P., 
Mitchell O. W. H., Root W. S., Weiskotten H. G., Wilson J. R. 


Miscellaneous—Gurchot C., Hubbard R. S., Thomas W. S., Wedd A. M., 
Williams J. R. 


Wisconsin Section 


University of Wisconsin—Bardeen C. R., Bast T. H., Bradley H. C., 
Bunting C. H., Clark P. F., Cole L. J., Duggar B. M., Eyster J. A. E., Gil- 
bert E. M., Guyer M. F., Hart E. B., Hastings E. J., Hisaw F., Irwin M. R., 
Keitt G. W., Levine P., Lorenz W. F., Meek W. J., Middleton W. S., 
Nichols M. S., Parsons H. T., Reynolds C., Seevers M. H., Sevringhaus E. L., 
Stovall W. L., Sullivan W. E., Tatum A. L., Walton D. C., Witzemann EK. J. 


Miscellaneous—Beckman H. 
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Australia—Davies H. W. 

Austria—Bruecke H. 

Belgium—Heymans C. 

Canada—Babkin B. P., Banting F. G., Caulfeild A. H. W., Collip J. B., 
Cruickshank E. W. H., Fitzgerald J. G., Gelfan S., Holman W. L., Klotz 
O., Markowitz J., Meakins J., Oertel H., Penfield W. G., Tisdall F. F., 
Wasteneys H., Waud R. A. 

Czechoslovakia—Krizenecky J. 

Denmark—Fischer A., Fridericia L. 8. 

England—Gaskell J. F. 

France—Birkhaug K. E., Funk C., Miller H. M., Jr., Plotz, H. 

Germany—Hrdman R., Mueller H. F., Thomas K. 

Hungary—Scheff G., Tomesik J. 

India—Linton R. W. 

Japan—Katayama I., Yatsu N. 

Norway—Salvesen H. A. 

Palestine—Kligler J. J. 

Philippine Islands—Sherman H. W. 

Puerto Rico—Cook D. H. 

Russia—London E. S. 

Scotland—Clark A. J., Greenwood A., MacLeod J. J. R. 

Switzerland—Asher L. 


Syria—Miller G. H., Turner EH. L. 


